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Abstract

Background

Evidence suggests that the inflammatory reaction, an adaptive response triggered by a variety of harmful stimuli and conditions involved in the risk and development of many chronic diseases, is a potential pathway through which the socioeconomic environment is biologically embedded. Difficulty in interpreting the role of the inflammatory system in the embodiment dynamic arises because of heterogeneity across studies that use a limited but varied number of inflammatory markers. There is no consensus in the literature as to which inflammatory markers beyond the C-reactive protein and to a lesser extent interleukin 6 are related to the social environment. Accordingly, we aimed to investigate the association between educational attainment, and several markers of inflammation -C-reactive protein, fibrinogen, interleukin 6, interleukin 1β and tumor necrosis factor α-in 6 European cohort studies.

Methods

Up to 17,470 participants from six European cohort studies with data on educational attainment, health behaviors and lifestyle factors, and at least two different inflammatory markers. Four sub-datasets were drawn with varying numbers of participants to allow pairwise comparison of the social patterning of C-reactive protein and any other inflammatory markers. To evaluate within each sub-dataset the importance of the context and cohort specificities, linear regression-based analyses were performed separately for each cohort and combined in a random effect meta-analysis to determine the relationship between educational attainment and inflammation.

Results

INTRODUCTION

Inflammation is an important and necessary component of the immune system broadly defined as the body's protective reaction in response to infection or injury. A successful acute inflammatory response results in the elimination of the inciting stimulus followed by a resolution and repair phase in order to restore homeostasis [START_REF] Medzhitov | Origin and physiological roles of inflammation[END_REF]. Much less is known about the causes and mechanisms of chronic systemic inflammation, it could occur when the organism has to adapt when confronted with homeostatic imbalances [START_REF] Medzhitov | Origin and physiological roles of inflammation[END_REF]. Chronic systemic inflammation in response to persistent threats could contribute to disease progression through dysregulation of homeostatic functions, control of the metabolism, tissue repair, and of the hypothalamus-pituitary axis [START_REF] Straub | The brain and immune system prompt energy shortage in chronic inflammation and ageing[END_REF][START_REF] Bennett | Inflammation-Nature's Way to Efficiently Respond to All Types of Challenges: Implications for Understanding and Managing "the Epidemic" of Chronic Diseases[END_REF][START_REF] Franceschi | Inflammaging: a new immune-metabolic viewpoint for age-related diseases[END_REF]. As such, chronic inflammation provides a unifying pathophysiological mechanism involved in many chronic diseases, including diabetes and obesity, cardiovascular disease, certain cancers and inflammatory bowel diseases, arthritis, and osteoporosis [START_REF] Bennett | Inflammation-Nature's Way to Efficiently Respond to All Types of Challenges: Implications for Understanding and Managing "the Epidemic" of Chronic Diseases[END_REF][START_REF] Furman | Chronic inflammation in the etiology of disease across the life span[END_REF].

Because the inflammatory response may be influenced by a large range of environmental challenges, an overall increase in systemic inflammation has emerged as one possible physiological pathway through which the social environment 'gets under the skin' to affect biological processes and confers a risk for negative health outcomes [START_REF] Miller | Health psychology: developing biologically plausible models linking the social world and physical health[END_REF]. This refers to a dynamic process, namely the biological embodiment of the social environment, or the social-to-biological transition [START_REF] Blane | Social-biological transitions: how does the social become biological? Longitud[END_REF]. First, socially disadvantaged groups are more likely to live in areas where they are disproportionately exposed to harm, such as airpollution and damp housing, overcrowded conditions, poor housing quality, or insufficient access to sanitation, that are likely to increase systemic inflammation [START_REF] Gares | The role of the early social environment on Epstein Barr virus infection: a prospective observational design using the Millennium Cohort Study[END_REF].

Second, adverse health behaviours, including smoking, alcohol consumption and nutrition are more prevalent among socially disadvantaged groups [START_REF] Petrovic | The contribution of health behaviors to socioeconomic inequalities in health: A systematic review[END_REF] and are known to influence inflammation. Third, since socially disadvantaged groups are more likely to be exposed to a higher burden of exposures in different domains of everyday life including stressful life situations, negative life events, family stress or adversities [START_REF] Fagundes | Stressful early life experiences and immune dysregulation across the lifespan[END_REF], social disadvantage across the life course may result in an over-solicited stress response involving the inflammatory system. This nexus of dynamic processes may contribute to heightening the level of basal inflammation. Therefore chronic inflammation may be crucial in understanding social inequalities in health by affecting levels of inflammatory cytokines and acute-phase proteins [START_REF] Kivimäki | Effects of stress on the development and progression of cardiovascular disease[END_REF].

Numerous studies have examined the association between various indicators of socioeconomic position (SEP), such as education, occupation and income, and markers of systemic inflammation. Most research has focused on C reactive protein (CRP), an acutephase protein released by the liver in response to interleukin 1, 6 and 7 (IL-1, IL-6 and IL-7) [START_REF] Eklund | Proinflammatory cytokines in CRP baseline regulation[END_REF]. In 2007, a systematic review of 25 population-based studies reported an inverse relationship between adult SEP and CRP across countries independently of age, sex, body mass index (BMI), and smoking, that where controlled for in most studies [START_REF] Nazmi | Socioeconomic and racial/ethnic differentials of C-reactive protein levels: a systematic review of population-based studies[END_REF]. More recently, a meta-analysis of 43 North American studies including subsets of investigations on IL-6 (N=18 studies) and CRP (N=35 studies) found a higher level of CRP and IL-6 among socially disadvantaged participants compared to their advantaged counterparts (measured by educational attainment or household income). The association with CRP was partly explained by obesity and smoking while the association with IL-6 weakened with age but was not affected by BMI and smoking [START_REF] Muscatell | Socioeconomic status and inflammation: a meta-analysis[END_REF].

Among the other biomarkers of inflammation, fibrinogen, an acute-phase protein also released by the liver, is less frequently used. [START_REF] Panagiotakos | The association between educational status and risk factors related to cardiovascular disease in healthy individuals: The ATTICA study[END_REF], [START_REF] Pollitt | Cumulative life course and adult socioeconomic status and markers of inflammation in adulthood[END_REF], [START_REF] Steinvil | Relation of educational level to inflammation-sensitive biomarker level[END_REF] and [START_REF] Fraga | Association of socioeconomic status with inflammatory markers: a two cohort comparison[END_REF] found a higher level of fibrinogen in participants with lower education. While this relationship was attenuated by health behaviours and cardiovascular risk factors, evidence of the association remained after adjustment [START_REF] Pollitt | Cumulative life course and adult socioeconomic status and markers of inflammation in adulthood[END_REF][START_REF] Steinvil | Relation of educational level to inflammation-sensitive biomarker level[END_REF]. A limited number of studies have examined another inflammatory biomarker, tumour necrosis factor α, TNF-α [START_REF] Steptoe | Inflammatory cytokines, socioeconomic status, and acute stress responsivity[END_REF][START_REF] Koster | Association of inflammatory markers with socioeconomic status[END_REF][START_REF] Fraga | Association of socioeconomic status with inflammatory markers: a two cohort comparison[END_REF], an important immune mediator secreted by macrophages and monocytes released after a stimulus (i.e. in response to IL-1). For this inflammatory marker the results are not conclusive [START_REF] Steptoe | Inflammatory cytokines, socioeconomic status, and acute stress responsivity[END_REF] and [START_REF] Koster | Association of inflammatory markers with socioeconomic status[END_REF][START_REF] Fraga | Association of socioeconomic status with inflammatory markers: a two cohort comparison[END_REF].

There is no consensus in the literature about the most relevant inflammatory markers in terms of social patterning nor standard biomarkers that would be relevant for indicating the presence of health-damaging chronic inflammation [START_REF] Furman | Chronic inflammation in the etiology of disease across the life span[END_REF]. A difficulty in interpreting the role of the inflammatory system in the embodiment of SEP arises because of the heterogeneity of studies that use a limited but varied number of inflammatory markers. Furthermore, cross-country comparison is limited by the variety of SEP indicators used, their meaning in different national contexts, and the lack of harmonisation of both SEP and inflammatory markers across studies. Additionally, evidence on the pathways relating SEP to inflammatory markers across countries is limited due to the fact that behavioural and personal characteristics that may mediate the association between SEP and inflammation are inconsistently taken into account. It is therefore unclear whether the association between lower SEP and chronic inflammation is a stable phenomenon across countries, persisting even after adjusting for health behaviours, and whether this relationship depends on the biomarkers used to measure inflammation.

We previously reported a consistent inverse association between SEP, (using father's occupation, education, and last occupation) and CRP using data from six European cohort studies from three countries [START_REF] Berger | Multi-cohort study identifies social determinants of systemic inflammation over the life course[END_REF]. In that study, educational attainment was the SEP marker most strongly related to CRP level in adulthood, after adjusting for health behaviours, body mass index and later-in-life SEP. Educational attainment captures components of the social environment from earlier in life, and is associated with later occupational social class and income (d'Errico et al 2017). It is also a useful variable when comparing SEP across countries or cohorts because it is often relatively consistently collected, is usually available and can be harmonised across contexts. As with all SEP proxy variables, it must be used while remaining aware of local time, place and cohort differences.

Based on these findings and to capture the complex regulatory cascades involved in inflammation, the present study aims to describe in detail the educational patterning of several different inflammatory markers. To achieve this, we assessed the relationship between educational attainment and CRP, fibrinogen, IL-6, IL-1β and TNF-α -using harmonised data across six European cohort studies within the Lifepath consortium. We also described these associations adjusted for behavioural variables to examine the patterns of adjusted associations between education and each inflammatory biomarker.

METHODS

Study population

This study is part of a Horizon 2020 Research and Innovation Program European funded project, the Lifepath project (http://www.lifepathproject.eu/), which includes a consortium of eighteen cohort studies across different countries and time period, with demographic, clinical, biological and socioeconomic data, with the aim to investigate biological pathways underlying social differences in healthy ageing. Data harmonization were performed in order to pool and analyse the cohorts together [START_REF] Vineis | The biology of inequalities in health: the LIFEPATH project[END_REF]. We selected the six cohort studies for which data on at least two different measures of inflammatory markers including CRP, educational attainment, smoking, alcohol consumption, physical activity and BMI were available. This selection allowed for sets of comparative analyses wherein one consistent inflammatory biomarker (CRP) was common across them all. The selected cohorts were:

-one cohort from Finland: the Young Finns study: YFS [START_REF] Raitakari | Cohort profile: the cardiovascular risk in Young Finns Study[END_REF] -two cohorts from Switzerland: SKIPOGH [START_REF] Alwan | Epidemiology of masked and white-coat hypertension: the family-based SKIPOGH study[END_REF] and CoLaus [START_REF] Firmann | The CoLaus study: a population-based study to investigate the epidemiology and genetic determinants of cardiovascular risk factors and metabolic syndrome[END_REF] -three British cohorts: Whitehall II [START_REF] Marmot | Health inequalities among British civil servants: the Whitehall II study[END_REF], the National Child Development Study, NCDS [START_REF] Power | Cohort profile: 1958 British birth cohort (National Child Development Study)[END_REF] and the English Longitudinal Study of Ageing, ELSA [START_REF] Steptoe | Cohort profile: the English longitudinal study of ageing[END_REF]. A detailed description of all cohorts included in the Lifepath consortium has been given elsewhere [START_REF] Vineis | The biology of inequalities in health: the LIFEPATH project[END_REF].

Educational attainment

We used the harmonised definition of educational attainment across cohort study described in details by d 'Errico et al.(d'Errico et al., 2017). Briefly, participant's educational attainment was categorised in three groups (i) 'low' (no school, primary or lower secondary school: from 7 to 9 years after kindergarten with a basic curriculum in languages, mathematics and other subjects), (ii) 'medium' (higher secondary school: around 4-5 years more, high school diploma level) and (iii) 'high' educational level (tertiary education: any degree after high school, such as BSc, MSc, and further education).

Inflammatory markers

We used five biomarkers to measure inflammation: CRP, fibrinogen, IL-6, IL-1β and TNF-α; selecting the first available wave in which CRP and any other inflammatory markers had been measured. In Colaus and Skipogh, CRP, IL-6, IL-1β and TNF-α were collected at baseline while in ELSA, both CRP and fibrinogen were collected in the second wave and in Whitehall, CRP, fibrinogen and IL-6 were measured in the third data of collection wave. CRP and fibrinogen were measured when participants were 45 years old in NCDS, with the exception of YFS for which we selected measures at the last available wave in order to obtain an age range among participants comparable to the age of participants in the other cohort studies.

For each cohort study, a detailed description of sampling methods and laboratory analyses is given in Supplementary Table 1. Given their skewed nature, CRP, fibrinogen, IL-6 and TNF-α values were natural log-transformed to normalise distributions and because of both the skewness of the distribution and the high number of 0 values (41.3%), a constant (1) was added to IL-1 β values prior to the log transformation.

While the association between social measures and CRP is widely described, examining other components of the inflammatory system using different inflammatory biomarkers would further our understanding of potential social-to-biological processes. The inflammatory biomarkers we selected for this analysis were available across some of the cohorts, but they also represent different stages of inflammatory responses.

IL-6, IL-1β and TNF-α are all pro-inflammatory cytokines produced within adipose tissue (Coppack, 2001), their synthesis being related to adiposity and fatty acid metabolism. TNF-α also down-regulates insulin-stimulated glucose uptake, all three appear to act upon adipose tissue regulation to different extents (Coppack 2001). These markers are upstream of CRP, namely, IL-6 is the primary cytokine leading to hepatic CRP production (Ridker 2016). These biomarkers are indeed related, however are also implicated in different inflammatory mechanisms. The importance of the IL-6, IL-1β and TNF-α cytokines in adipose tissue metabolism may be an important consideration for social-to-biological questions, given the well-established socioeconomic patterns in overweight and obesity prevalence.

Fibrinogen however is produced in the liver, forming part of the clotting cascade. It represents a link between inflammation, thrombosis and cardiovascular risk, and is upregulated during the acute phase inflammatory response driven upstream by cytokines such as IL-6 (Rooney et al 2011). While fibrinogen and CRP have similarities in terms of their synthesis and place in the cascade, fibrinogen also acts as a marker for haemostatic processes. The role of fibrinogen may be interesting as a potential social-to-biological mediator given the socioeconomic pattern of cardiovascular disease.

Covariates

Pre-defined, harmonised covariates included potential confounders, such as age, sex and potential mediators were alcohol consumption, physical activity, smoking and body mass index (BMI). These variables were selected from the closest data collection wave to that of the inflammatory marker measurements.

Alcohol consumption was harmonised in units of pure alcohol per week and we categorised participants as abstainers (0 units per week), moderate consumers (men ≤ 21 alcohol units per week; women ≤ 14 alcohol units per week) and high consumers (men > 21 alcohol units per week; women > 14 alcohol units per week). Because the physical activity was measured with different questions in each study, sedentariness was derived from leisure physical activity and dichotomised into sedentary yes/no, except in the NCDS cohort in which this variable was not available. Self-reported smoking was categorised into never, current and former smoker, except in YFS in which a binary smoking status indicator (never versus ever smoker) was available. BMI was calculated from height and weight and categorised into the WHO BMI groups using standard cut-offs: underweight (<18.5 kg/m²), normal (18.5-24.9 kg/m²), overweight (25.0-29.9 kg/m²) and obese (>30 kg/m²). If data were missing at the same wave, we used data from the next available data wave (for CoLaus: n=12, 0.2%; ELSA: n=66, 1.7%; Skipogh: n=266, 28.4%; Whitehall: n=374, 5.7%).

Ethics statement

Each study was approved by the relevant local or national ethics committees/board and all participants gave informed consent to participate.

Statistical analysis

In total, four sub-datasets (one for each CRP plus one other inflammatory marker-pair[either fibrinogen, IL-6 TNF-α or IL-1β]) with varying numbers of participants were created: subdataset 1 included cohorts that measured inflammation using CRP and fibrinogen (3 studies); sub-dataset 2 included cohorts that measured inflammation using CRP and IL-6 (4 studies); sub-dataset 3 included cohorts that measured inflammation using CRP and TNF-α (3 studies); and sub-dataset 4 included cohorts that measured inflammation by CRP and IL-1β (2 studies).

For the bivariate analysis in each sub-dataset and cohort, means and frequencies were reported for all continuous and categorical characteristics by educational attainment. We used Chi-squared test or Fisher exact test for the categorical variables and T-test or Wilcoxon rank test for continuous variables to estimate bivariate associations.

For the multivariate analysis in each cohort, linear regression models were used to assess the relationship between educational attainment and each inflammatory marker. In a basic statistical model, effect estimates were adjusted for age (continuous) and sex (for NCDS, sex only as participants are the same age) (Model 1). To examine whether the association between educational attainment and inflammation was mediated by alcohol consumption, smoking status, sedentary behaviour and BMI, we defined a second model controlling for all potential intermediate factors (Model 2). Sedentary behaviour was not available in the NCDS, therefore Model 2 for this cohort adjusted only for alcohol consumption, smoking status and BMI. The high educational level group was used as the reference category; therefore a positive regression coefficient indicates an increased level of inflammatory marker in participants with lower educational attainment.

As proposed elsewhere [START_REF] Berger | Multi-cohort study identifies social determinants of systemic inflammation over the life course[END_REF], we used a meta-analysis in each sub-dataset, based on random effects modelling with a restricted maximum likelihood estimator using the metafor R package to combine the results from each cohort within each sub-dataset. The combined effect represents the mean of the population of 'true effects'. Test of heterogeneity among studies was provided by the Q-statistic and I² measurement was calculated representing the proportion of total variability that can be attributed to heterogeneity (a higher value indicates a greater degree of heterogeneity).

In sensitivity analyses, we examined the SEP-inflammatory marker association separately in men and women. We also used an alternative statistical transformation for the values of each inflammatory marker. First, each inflammatory marker was categorised into quartiles.

Then we defined a binary indicator 'high' vs 'low' concentration based on the highest quartiles (4 th quartile) vs. the three lower quartiles (1 st -3 rd quartiles). To evaluate the association between SEP and the inflammatory markers (high concentration=1 and low concentration=0) we used a logistic regression and the results were expressed as odds ratios (OR) and 95% confidence intervals (95% CI). We performed additional sensitivity analyses restricting our study population to never smoked participants or participants with a normal BMI [18.5-24.9 kg/m²].

All statistical analyses were performed using R (R Core Team, 2014) version 3.1.2 within the Rstudio environment (RStudio Team, 2016).

RESULTS

Study population

Table 1 presents a description of the variables for each sub-dataset. Sub-dataset 1 only included participants from the three British cohort studies (37.4%, 21.7%, 40.9% for Whitehall, ELSA and NCDS respectively) while sub-dataset 2 included participants from 4 out of the 6 cohorts (43.5%,38.7%;11.5%,6.2% for Whitehall, Colaus, YFS and Skipogh respectively). Sub-dataset 3 and 4 were mostly constituted of Swiss participants (79.6% and 100% respectively) with some participants from YFS in dataset 3. Comparisons between each sub-dataset are given in Supplementary Table 2 and show small to moderate differences of the participants' key characteristics: the proportion of participants with a lower educational attainment ranged from 59.1% in sub-dataset 1 to 45.8% in sub-dataset 2. Irrespective of the sub-dataset considered, participants with a low educational attainment were more likely to smoke and to be overweight/obese and sedentary compared to the participants with a higher educational attainment.

Description of participants' characteristics by cohort is provided in Supplementary Table 3 and 4. A total of 25 955 participants were included (53.5% of men). YFS was the youngest cohort with a mean age of 37.7 (SD 5.0), while ELSA was the oldest with a mean age of 64.0 (SD 8.5). Whitehall had the smallest proportion of women (30.6%) compared to other cohort studies. The percentage of participants with a low educational attainment ranged from 34.5% (YFS) to 76.9% (NCDS). YFS had the largest proportion of participants (37.9%) that reported drinking more than 21 or 14 alcoholic units per week respectively for men and women. The proportion of participants who had never smoked varied from 39.9% (CoLaus and ELSA) to 50.5% (YFS). There was 28.2% of obese in ELSA and 39.4% of Skipogh participants were sedentary. 15%] in sub-dataset 2; 11% [6%; 17%] in sub-dataset 3 and 12% [6%; 19%]in sub-dataset 4.

Except in sub-dataset 3, we observed a weaker association between a medium level of education and CRP compared to those with a low level of education and CRP (Model 1) and, except in the sub-dataset 1, the association weakened further after controlling for the four intermediate factors (Model 2).

In the sub-dataset 1 including CRP and fibrinogen, we also observed an association between educational attainment and fibrinogen: participants with a low level of education had higher levels of fibrinogen compared to those with a high level of education, the difference was 5% In sub-dataset 2 including CRP and IL6, results for IL-6 were weaker but directionally consistent: a higher level of IL-6 was found in participants with a lower educational attainment (Model 1,7% [-1%; 16%]) mostly explained by the intermediate factors (Model 2,2% [-1%; 6%]).

There was weak evidence of an association between education and TNF-α and IL-1β in subdatasets 3 and 4 respectively.

Pattern of inflammatory markers by educational attainment in each cohort study

Association results by cohort study are detailed in Supplementary Table 5 and presented in In both Colaus and YFS, only the level of CRP was patterned by educational attainment whereas no associations between educational attainment and IL-6, TNF-α and IL1-β were observed in Colaus. Similarly in YFS, no associations were observed for the other inflammatory markers (IL-6 and TNF-α).

Sensitivity analyses

Sex-stratified results from random-effects meta-analysis are provided in Supplementary Table 6. In sub-dataset 1, the association between educational attainment and CRP was In both men and women, there was no association between educational attainment and IL-6, TNF-α and IL-1β (P>0.05 in all settings) in sub-datasets 2, 3 and 4 respectively.

Our main results were robust when using an alternative transformation of each inflammatory marker (see Methods, Supplementary Figure 1 and Supplementary Table 7). In additional sensitivity analyses, restricting our study population to 'never smoked' participants or participants with a normal BMI size reduced statistical power and measures of association were subsequently weakened but did not materially affect our main results

and conclusion (Supplementary Table 8 and9).

Discussion

Our study aimed to capture the association between education, and the complex regulatory cascades involved in inflammation. We found that the magnitude of the relationship between educational attainment and five inflammatory biomarkers (CRP, fibrinogen, IL-6, IL-1β and TNF-α) was variable, and by far the most socially patterned biomarker was CRP, followed by fibrinogen and to lesser extent IL-6, where low educational attainment was associated with higher inflammation. Results from the meta-analysis for TNF-α and IL-1β

were null and thus not consistent with the other inflammatory biomarkers. Country specific results suggest that the overall direction of the association was broadly similar across available biomarkers (Whitehall, ELSA and NCDS), although some heterogeneity in results was found between cohorts (Colaus, Skipogh and YFS).

The association between educational attainment and CRP or fibrinogen in adulthood was only partly attenuated after accounting for behavioural factors (smoking status, alcohol consumption and sedentary) and BMI suggesting that (i) educational attainment may be a consistent and important upstream independent variable for elevated inflammation and that (ii) educational attainment may also operate through intermediate pathways other than health behaviours which deserve attention in future analyses. These could for include, for example, psychosocial pathways such as adverse childhood experiences [START_REF] Lacey | Adverse childhood experiences and adult inflammation: Single adversity, cumulative risk and latent class approaches[END_REF], loneliness [START_REF] Vingeliene | Longitudinal analysis of loneliness and inflammation at older ages: English longitudinal study of ageing[END_REF][START_REF] Smith | The association between loneliness, social isolation and inflammation: A systematic review and meta-analysis[END_REF], and social relationships [START_REF] Yang | Social support, social strain and inflammation: evidence from a national longitudinal study of U.S. adults[END_REF][START_REF] Smith | The association between loneliness, social isolation and inflammation: A systematic review and meta-analysis[END_REF] might play a role in the relationship between education and inflammation. Our aim in this paper was to describe the association between education and inflammation using different inflammatory biomarkers. Our rationale for adjusting the models was to describe and compare the patterns of adjustment, providing additional descriptive information about associations between education and inflammation. The covariates may be on the causal pathway between education and inflammation, however, to establish mechanisms and pathways further analyses using causal inference approaches is required.

Prior literature

Our findings are in agreement with data-driven analyses on diseases across all organ systems that have linked low SEP to increased risk of health conditions characterized by elevated systemic inflammation, such as diseases of the pancreas, liver, kidney, vascular and respiratory system, lung cancer, and dementia [START_REF] Kivimäki | Association between socioeconomic status and the development of mental and physical health conditions in adulthood: a multi-cohort study[END_REF]. In line with a number of studies on inflammatory markers, our results support studies reporting an association between disadvantaged SEP and high CRP levels [START_REF] Nazmi | Socioeconomic and racial/ethnic differentials of C-reactive protein levels: a systematic review of population-based studies[END_REF][START_REF] Muscatell | Socioeconomic status and inflammation: a meta-analysis[END_REF] and further add to the empirical evidence supportive of the social patterning of fibrinogen [START_REF] Davillas | Socio-economic inequalities in C-reactive protein and fibrinogen across the adult age span: Findings from Understanding Society[END_REF][START_REF] Panagiotakos | The association between educational status and risk factors related to cardiovascular disease in healthy individuals: The ATTICA study[END_REF][START_REF] Pollitt | Cumulative life course and adult socioeconomic status and markers of inflammation in adulthood[END_REF][START_REF] Steinvil | Relation of educational level to inflammation-sensitive biomarker level[END_REF]. The weaker association observed between educational attainment and IL-6 is in contrast with another recently published meta-analysis that reported a social gradient for IL-6 [START_REF] Muscatell | Socioeconomic status and inflammation: a meta-analysis[END_REF]. It is noteworthy that their work relied mainly on North American studies, whereas only European studies were included in our study. Little is known about the association between SEP and the other inflammatory markers addressed in our work. The present results indicated no association between low educational attainment and higher level of IL-1β or TNF-α in line with the somewhat conflicting results from previous research work [START_REF] Fraga | Association of socioeconomic status with inflammatory markers: a two cohort comparison[END_REF][START_REF] Koster | Association of inflammatory markers with socioeconomic status[END_REF][START_REF] Steptoe | Inflammatory cytokines, socioeconomic status, and acute stress responsivity[END_REF]. Future research including other novel biomarkers of inflammation such as Glyc-A would also make important contributions to understanding the relationship between social factors and the inflammatory system.

Cohort specificities

Because educational attainment reflects the broad socio-economic, cultural and historical context in which individuals live and grow, we also described the educational patterning of inflammation in each cohort study from the UK, Switzerland and Finland covering different contextual times and place. Our findings were directionally consistent across country for both CRP and fibrinogen and to lesser extent for IL-6 suggesting some shared social to biological processes across these European populations. The discrepancies between cohorts observed for IL-1β and TNF-α suggests that some more context specific mechanisms may be at play in the biological embodiment of the social environment. Alternatively, these discrepancies may reflect differences in study protocols and methodology between the cohort studies.

There is no consensus in the literature about the most relevant inflammatory markers to use for analysing the social patterning of inflammation. Our study shows that CRP and fibrinogen are consistently socially patterned suggesting that these two biomarkers have special status in the physiological cascade linking SEP with health. However, the fact that the relationship between SEP and inflammation varies according to biomarkers used deserves to be further studied.

Mechanisms

CRP and fibrinogen, both synthesised by the liver and non-specific, were found to be socially patterned in our study. These inflammatory markers do not provide information about the type of the inflammatory response, nor the initial trigger of the inflammatory cascade.

However, in this framework it may be justified to hypothesise that CRP and fibrinogen are maintenance proteins with both immune and non-immune functions suggesting that elevated CRP may favour the organism's homeostasis and its somatic maintenance (Del Giudice and Gangestad, 2018). When inflammation is triggered, IL-6, TNF-α and IL-1β are released into circulation (by macrophages and other cells) to exert their specific and various roles in inflammation. The different social patterning observed for these three inflammatory markers may reflect not only different functions but also their different sources of production. Our work suggests that the inflammatory response of the social environment may be a demonstration of one out of a variety of embodiment processes, in line with the general notion that humans respond also at a biological level to their social environment.

However, this may explain only a proportion of the educational patterning in poor health outcomes, an issue that warrants further research.

Weaknesses and strengths

The main limitation of this study was that we did not have exactly the same set of inflammatory markers across the 6 cohort studies which constrained our methodological choices: the use of 4 sub-datasets made the comparisons of findings across the sub-dataset non-optimal. The six cohorts we used may not be representative of the general population and are susceptible to attrition leading to a potential under-representation of the most extreme socio-economic groups. Additionally, in each cohort study, health behaviours and educational attainment were self-reported which may result in misclassification. The variables were then harmonised which may indicate that some cohort specificities are attenuated or lost, leading to a certain degree of residual confounding. We cannot rule out the possibility that other factors may contribute to the mechanisms linking SEP and inflammation. These factors may include psychological factors, chemical exposures or infectious diseases that are related to both SEP and inflammation. Indeed, environmental pollutants as well as infectious and chronic disease prevalence across the lifecourse and other exposures may also influence the association between education and inflammation with country/ cohort variability. From a social perspective information on race/ ethnicity or migration status which may be confounding factors in an association between education and inflammation were not available and may contribute to unmeasured confounding.

Regarding the imputation of missing data, the last observation carried forward (LOCF) approach reduces within-individual variability which leads to underestimating error. This can result in falsely finding 'statistically significant' associations. Given the relatively low proportion of missing values (around or below 5% in all studies except SKIPOGH), the influence of missing data or the imputation method we used on the associations we found in our work is probably weak.

Important strengths include the opportunity of using harmonised data from 6 wellcharacterised cohort studies on participants from three different European countries. Four sub-datasets were derived from these 6 cohort studies allowing the pairwise comparison of the social patterning of CRP and any other inflammatory markers; fibrinogen in sub-dataset 1, IL-6 in sub-dataset 2, TNF-α in sub-dataset 3 and IL-1β in sub-dataset 4. The availability of these data allows us to begin elucidating the complex association between the social environment and other inflammatory-related biomarkers beyond CRP from the complex regulatory cascades involved in inflammation. These relationships were modelled separately for each cohort study and examined jointly using a random effect meta-analysis. The stability of our results was further confirmed by the multiple sensitivity analyses carried out.

Conclusion

In this multi-cohort study, we provide a thorough examination of SEP inequalities in five inflammatory markers (CRP, fibrinogen, IL-6, IL-1β and TNF-α) using data from several European countries. This work contributes to a better understanding of the socioeconomic patterning of the inflammatory response and suggests that CRP and fibrinogen may be particularly influenced by SEP. The finding that the relationship between educational attainment and each of five inflammatory biomarkers investigated was variable suggests that the way SEP is embodied through inflammation may involve complex processes. These results point to several promising directions to explore chronic inflammation, including the investigation among the full human set of inflammatory-related molecules and events to identify which ones are activated in response to the social environment, at which life stages and to which extent they contribute to explain social inequalities in inflammatory relateddiseases. This study calls for further research to better understand how the inflammatory cascade, in response to the social environment, might alter health outcomes.
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 1 Figure1: Forest plot of regression coefficients [95% confidence interval] for the association between participant's educational attainment and inflammatory markers concentration by cohort and in random effect meta-analysis framework for each sub-dataset for Model 1 (Mod-1), after adjustment for each intermediate factor (Mod-2). The high SEP group was used as reference, dotted lines represent the medium SEP group and solid lines the low SEP group.

Figure 1 .

 1 Figure 1. We observed an inverse association of educational attainment with CRP, fibrinogen

  attenuated upon adjustment for the four intermediate factors in men (Model 2, β [95%CI]= 0.177 [0.102; 0.252]) but not in women (Model 2, β [95%CI]= 0.14 [-0.026; 0.306]). An association between educational attainment and CRP after adjustment on the four intermediate factors was observed in men and women in the other three sub-datasets. In sub-dataset 1, we also observed an association between educational attainment and fibrinogen in both men (β [95%CI]= 0.044 [0.026, 0.062]) and women (β [95%CI]= 0.049 [0.036, 0.062]). Evidence of these associations, though attenuated, remained after adjustment for the four intermediate factors in Model 2 (β [95%CI]= 0.022 [0.011, 0.033] in men and β [95%CI]= 0.014 [0.001, 0.026] in women).

Table 1 :

 1 Summary characteristics of the participants for each sub-dataset

	Sub-dataset 1 (N=17 470)	Sub-dataset 2 (N=15 019)	Sub-dataset 3 (N=8 485)	Sub-dataset 4 (N=6 751)
	CRP-Fibrinogen	CRP-IL6	CRP-TNFA	CRP-IL1B
	Mean (SD) or N(%)	Mean (SD) or N(%)	Mean (SD) or N(%)	Mean (SD) or N(%)

µ Smoking status in YFS was categorised as ever vs never, *sedentary not available in NCDS Association

between educational attainment and each inflammatory marker in each sub- datasetTable 2 and

 2 Figure1present the linear regression results from the random effects metaanalyses of educational attainment and each inflammatory marker in each sub-dataset.

	Despite the moderate to high degree of heterogeneity in study-specific estimates, we
	observed an association between educational attainment and CRP in Model 1 in all sub-
	datasets: the difference in the log of CRP concentration between the lowest and the highest
	educational group was 40% [24%; 60%] in sub-dataset 1; 27% [18%; 36%] in sub-dataset 2;
	27% [14%; 42%] in sub-dataset 3 and 35% [27%; 43%] in sub-dataset 4. After additional
	adjustment for alcohol consumption, smoking status, sedentary behaviour and BMI (Model
	2), these observed associations were weakened: 19% [9%; 30%]in sub-dataset 1; 11% [7%;

Table 2 :

 2 Results from the meta-analyses of the association between educational attainment and each inflammatory markers in each sub-dataset.Abb.:CI confidence interval, I 2 percentage of between study heterogeneity, PH P-value of heterogeneity test ¤ Model 1 adjusted for age and sex

ϒ

Model 2 controlled for age, sex and additionally alcohol, smoking, body mass index and sedentary

Acknowledegments

We are grateful to The Centre for Longitudinal Studies, UCL Institute of Education for the use of these data and to the UK Data Archive and UK Data Service for making them available.

Funding sources

This study was supported by the European Commission Horizon 2020 grant number [633666] to Paolo Vineis. Mika Kivimäki was supported by NordForsk, the UK Medical Research Council [MRC S011676], the US National Institute on Aging [R01AG056477], the Academy of Finland [311492], and Helsinki Institute of Life Science during the conduct of the study. Cathal McCrory is supported by the Health Research Board (HRB) of Ireland under an Emerging Investigator Award (EIA-2017-012).