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Background: The literature has consistently shown that extreme social-economic groups predicted type 2 diabetes
mellitus (T2D), rather than summarising the social gradient throughout all society stratification. Body mass index
(BMI) was established as the principal mediator, with little support for other anthropometries. Our aim was to
investigate an individual life-course social position (LiSoP) gradient and its mediators with T2D risk in the EPIC-
Spain cohort. Methods: 36 296 participants (62% women), mostly aged 30–65 years, and free of T2D at baseline
(1992–1996) were followed up for a mean of 12.1 years. A combined score of paternal occupation in childhood and
own adult education assessed individual life-course social risk accumulation. Hazard ratios of T2D were estimated
using Cox regression, stratifying by centre and age, and adjusting for different explanatory models, including
anthropometric indices; dietary history; smoking and physical activity lifestyles; and clinical information. Results:
Final models evidenced significant risks in excess of 63% for middle and 90% for lower classes of LiSoP in men; and
of 104 and 126%, respectively, in women. Concurrently, LiSoP presented significant social gradients for T2D risk
(P < 0.01) in both sexes. Waist circumference (WC) accounted for most of the risk excess in women, and BMI and
WC in men. Conclusions: LiSoP gradient was related to T2D risk in Spanish men and women. WC mostly explained
the relationship in both genders, together with BMI in men, yet LiSoP retained an independent effect in final
models.
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Introduction

Arecent meta-analysis of mainly cohort studies showed lower
social-economic position as a consistent predictor of type 2

diabetes mellitus (T2D) incidence in high- and middle-income
countries, using well-known individual socioeconomic indicators.1

This and other major articles emphasised the lowest vs. highest social
grouping; rather than summarising social gradient throughout all
society stratification.2,3

Meanwhile, several sex-specific inconsistencies have arisen from
well-performed prospective studies on common social indicators
and T2D risk, with weak or non-existent associations among
men,2,4–7 but mostly positive associations among women,4,8

although not in all.2

The mentioned articles as well as others have focussed on different
life-span stages, mainly in childhood and adulthood, but less infor-
mation is available on a life-course approach to socioeconomic
position models9 with T2D incidence.2,4,8,10

Social position does not have a direct biological effect on T2D.11

Instead its effects are mediated by other risk factors that can be
biologically related to the social patterning of the disease. Physical
inactivity, obesity, cigarette smoking and unhealthy diet are

considered potentially important mediators of the association
between social position and T2D risk.12,13 Recent evidence on
life-long social position has established the role of obesity as the
principal mediator on social position disparities, and a partial con-
tribution of smoking.13–15

Our objective was to assess the association of individual life-
course social position (LiSoP) with T2D risk, and its mediators
influence, among adult men and women from the European
Prospective Investigation into Cancer and Nutrition (EPIC) cohort
in Spain.

Methods

Study sample

The EPIC research project is a large prospective and ongoing study
involving a population from 10 European countries. Details of the
methodology employed in the EPIC study have been published pre-
viously.16,17 The EPIC-Spain cohort comprised 41 438 participants,
mostly aged 30–65 at the time of enrolment (1992–1996), and
recruited among healthy volunteers, including blood donors, civil
servants and the general population. Extensive self-reported
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questionnaire information on diet, lifestyles and medical history was
collected at baseline, and anthropometric variables were measured
according to standard procedures. The cohort covers a diverse range
of sociooccupational levels and territorial idiosyncrasies of five
Spanish provinces from the North/Atlantic Ocean (Asturias,
Guipúzcoa and Navarra) and the South/Mediterranean Sea
(Murcia and Granada) environments. All participants gave their
informed consent, and a Medical Ethical Review Board (Bellvitge
Hospital, Barcelona) granted approval to the project.

Identification of incident T2D cases

T2D incident cases were ascertained and verified between recruit-
ment and 31 December 2006 with a mean follow-up time of 12.1
years (�1.8 SD). Ascertaining T2D cases was based on different
sources of information, including self-reported diabetes or con-
sumption of diabetes medication during a follow-up interview
3 years after recruitment; hospital discharge databases; drug pre-
scription records; regional mortality registers and the National
Death Index; and record linkage with primary care registers.
Access to laboratory data on glycaemia and glycosilated haemoglo-
bin (HbA1c) tests were available in Guipúzcoa.

Possible T2D cases were ascertained by trained health profes-
sionals through careful review of clinical data and health informa-
tion available. Definite cases were defined by physician’s diagnosis of
T2D present in the medical history, or otherwise evidence of
diabetes from two independent sources: 2-h post-load glycaemia
value�200 mg dl�1 after a 75-g oral glucose tolerance test,
HbA1c >7%, fasting plasma glucose�126 mg dl�1, non-fasting gly-
caemia�200 mg dl�1, diabetes-related medical visit or medical death
certificate (code E11 of The Tenth International Statistical
Classification of Diseases and Related Health Problems, http://apps.
who.int/classifications/icd10), self-report of diabetes, use of
antidiabetic medication (A10 code of the World Health
Organization Anatomical Therapeutic Chemical classification system
(www.whocc.no). The ascertainment and verification process of T2D
cases followed the criteria and procedures defined in the EPIC-
InterAct study.18 The incidence date was defined as either the
earliest date of diagnosis or first antidiabetic drug use registered in
medical records, or the date of self-report.

Assessment of LiSoP

Data on education and paternal occupation were gathered by
trained personnel during a face-to-face interview at enrolment.
Participants were asked about their highest educational qualifica-
tion attained in adulthood, and grouped according to the
International Standard Classification of Education (ISCED-11)
(www.uis.unesco.org) into: non-formal education; primary
school; technical training; secondary school; and university
degree or higher. The childhood social position based on father’s
occupation when the participant was 10 years old was registered
and coded into the national version (CNO-94) of the International
Standard Classification of Occupations (ISCO88), and further
grouped for standard epidemiological analysis and presentation19

as: I (managers, administrators and professionals, all higher-grade);
II (other managers or administrators and professionals, and tech-
nicians); III (self-employed and staff services sector and supervisor
workers); IV (semiskilled/skilled manual workers); and V
(unskilled manual workers). Fewer than 6% of the cohort had
missing data on exposure variables. A hierarchical combination
of childhood and adulthood social position was then computed
in order to assess the individual life-course social risk accumula-
tion under a Weberian approach,9,20,21 as the points for own adult
education (university = 0, secondary = 1, technical = 2, primary = 3,
non-primary = 4 points) plus childhood paternal occupational
category (I = 0, II = 1, III = 2, IV = 3, V = 4 points). The score was

categorised into: upper (0–2 points), middle (3–5 points) and
lower (6–8 points) classes.22

Anthropometric measurements, dietary history,
lifestyleand clinical information

Height (cm), weight (kg) and waist and hip circumference (in cm) at
baseline were measured during a physical examination according to
standard methodology. Waist circumference (WC) was categorised
into ‘normal’ (<102 cm in men, or <88 cm in women) and ‘high’
groups (�102 cm in men, or �88 cm in women) according to
NCEP/ATPIII criteria.23 Body mass index (BMI) was obtained as
weight divided by square height (in kg m�2) and grouped into
WHO standard categories of normal weight (<25 kg m�2),
overweight (25 to <30 kg m�2) and obesity (�30 kg m�2).
Missing anthropometric values (1%) were replaced by single
imputation including sex, age and education as predictors in
multiple regression models.

Information on the previous year’s habitual diet was gathered by
means of a validated dietary history method during a personal
interview.24,25 Energy and nutrient intakes were calculated using a
specific food composition table.26 Correction for misreporting
energy intake was considered, classifying participants as under-
reporters, plausible reporters and over-reporters according to the
predicted total energy expenditure method.27

Time spent in domain-specific physical activity (PA) was assessed
at baseline using a brief validated questionnaire.28 A continuous
variable of non-occupational PA was obtained as the sum of recre-
ational and household activities, expressed in MET-h week�1. PA at
work was registered by asking participants to classify their job as
sedentary, standing occupation, manual work or heavy manual
work, among workers.

Cigarette smoking status was defined as: never smoker; former
smoker for 10 years or more; former smoker for fewer than 10
years; current smoker of up to 10 cigarettes day�1; current smoker
of 11–20 cigarettes day�1; current smoker of more than 20 cigarettes
day�1; or unknown. Age when they starting smoking was also
recorded and accounted for in the analyses.

Finally, the questionnaire gathered self-reported clinical informa-
tion on the presence of hypertension, hyperlipidaemia, cancer or
cardiovascular disease (yes/no/unknown). Women were further
asked about ever use of oral contraceptives or hormonal replacement
therapy, and reproductive history.

Statistical analyses

For the present analysis, exclusions were applied for prevalent T2D
cases (n = 2383), non-type 2 diabetics (n = 4) and participants with
unknown diabetes status or diagnosis date (n = 713). Among the
remaining participants, those with missing data on childhood
paternal occupation (n = 359) or own adult education (n = 1622)
were further excluded, leaving 2357 incident cases of T2D, 36 296
participants and over 410 000 person-years available for analysis.

Descriptive statistics of participants’ baseline characteristics based
on means and standard deviations or frequencies and percentages
(as appropriate) were presented for men and women separately, and
stratified by LiSoP. The Kruskall–Wallis and �2 tests analyses were
used to compare continuous and categorised baseline variables
across LiSoP groupings, respectively.

Hazard ratios (HR) and 95% confidence intervals (95% CI) of
incident T2D risk by levels of social position were calculated using
Cox proportional hazards regression, fitted separately by sex. All
models were stratified by centre (to account for differences in
recruitment and follow_up procedures) and age at recruitment (in
1-year categories). Age was the underlying time variable, with entry
time defined as age at recruitment, and exit time as age at the date of
the T2D diagnosis, emigration, death or end of follow-up, whichever
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occurred first. The proportionality assumptions were tested on the
basis of Schoenfeld residuals.

A basic stratified model was defined for LiSoP as
predictor. Subsequently, several block models were added
individually: Anthropometry (BMI, WC and hip circumference);
Smoking (current cigarette use, and age at smoking initiation); Diet
and PA (total energy intake [kcal day�1], plausibility of energy intake
reporting, macronutrient intake—proportion of energy from protein,
lipids and carbohydrates—, alcohol consumption [in g day�1], daily
intake [g day�1] of vegetables, fruit, red meat, processed meat and
coffee, plus PA at work and during leisure time in [MET-h week�1]);
Chronic Disease (prevalent hypertension or hyperlipidaemia at recruit-
ment, or history of cancer or cardiovascular disease); Reproductive
Factors (postmenopausal status, ever use of oral contraceptives or
hormonal replacement therapy). Lastly, all variables previously
considered were mutually adjusted in final models. The upper class
was always defined as the reference category.

Dietary, anthropometric and leisure-time PA variables were
modelled as continuous. Restricted cubic spline transformations
were applied to anthropometric variables (except height) and
alcohol to account for their non-linear relationships with T2D
risk, in order to minimise residual confounding in LiSoP associ-
ations with T2D. Only total energy intake and PA variables were
kept in the models, irrespective of their statistical significance.

Potential effect modification of the association between LiSoP and
T2D risk was tested for a set of variables including BMI, WC,
smoking status (adjusted by age of initiation), age (<50 and�50
years) and baseline chronic disease. Effect modification was tested
by comparing models evaluating the interaction of LiSoP (three
categories) with models without the interaction terms, using
likelihood ratio tests. For stratified analyses based on weight
categories defined by either BMI or WC, a parsimonious set of

adjustment variables was selected based on their statistical
significance.

Sensitivity analyses performed by excluding participants with
fewer than 2 years of follow-up or those with missing anthropomet-
ric showed no relevant differences with main models.

Analyses were performed with STATA/SE version 10.1 (STATA
Corp., College Station, TX). All P-values were two-sided and
evaluated at the 5% level of statistical significance.

Results

Overall baseline participant characteristics showed significant differ-
ences across LiSoP categories, except for hip circumference, daily
energy from proteins and carbohydrates, and fruit intake, in men;
and for energy intake from protein, in women (table 1). After the
follow-up period, age-adjusted incidence rates of T2D increased as
LiSoP groups lowered among men and women (Supplementary
table S1).

Table 2 shows HR for T2D of LiSoP classes and social gradient
from different Cox models stratified by centre and age, and adjusting
for specific grouping of mediators (see models in ‘Methods’ section).
Adjusted HRs from final models evidenced significant risks excess of
64% for middle and 90% for lower classes, in men; and of 104 and
126%, respectively, for these two classes, in women. Concurrently,
LiSoP presented significant social gradients into T2D risk (P < 0.01)
for T2D in both sexes. Taking the different LiSoP and T2D incidence
models into consideration anthropometry was shown to be the main
input, performing almost as closely to the mutually adjusted models
for both men and women. The other main explanatory models
regarding smoking, diet and PA, chronic disease and reproductive
factors obtained similar HRs in the respective class and sex to the
basic model of LiSoP (table 2).

Table 1 Baseline participants’ characteristics according to life-course social position: The EPIC-Spain Cohort

Men Pa Women Pa

Upper Middle Lower Upper Middle Lower

n = 1812 n = 5197 n = 6662 n = 2156 n = 7328 n = 13 141

Age (years), mean 49 49 51 <0.001 45 47 49 <0.001

Height (cm), mean 172 170 168 <0.001 160 158 156 <0.001

Weight (kg), mean 81 81 81 0.009 63 67 70 <0.001

BMI (kg m�2), mean 27 28 29 <0.001 25 27 29 <0.001

Waist circumference (cm), mean 97 99 100 <0.001 80 85 89 <0.001

Hip circumference (cm), mean 105 105 105 0.064 101 104 107 <0.001

Total energy intake (kcal), mean 2440 2610 2626 <0.001 1923 1906 1868 <0.001

Energy from protein, mean 19 19 19 0.305 20 20 20 0.429

Energy from carbohydrates, mean 39 39 39 0.053 41 42 43 <0.001

Energy from lipids, mean 36 35 34 <0.001 37 37 36 <0.001

Alcohol consumption (g day�1), mean 22 28 31 <0.001 6 5 4 <0.001

Vegetable intake (g day�1), mean 281 270 259 <0.001 263 245 232 <0.001

Fruit intake (g day�1), mean 304 310 314 0.647 295 313 322 <0.001

Red meat intake (g day�1), mean 48 60 60 <0.001 32 36 34 <0.001

Processed meat intake (g day�1), mean 44 50 51 <0.001 33 32 30 <0.001

Coffee intake (g day�1), mean 110 108 98 <0.001 137 140 130 <0.001

Leisure-time PA (MET-h week�1), meanb 56 53 50 <0.001 97 124 132 <0.001

Smoking (n)

Never smoker 509 1568 1986 <0.001 868 4650 10 162 <0.001

Former smoker 652 1567 1879 535 957 897

Current smoker 650 2062 2789 753 1714 2077

Started cigarette smoking before age 20 years (n)c 886 2295 2889 821 1644 1502

Prevalent chronic diseased 645 2018 2727 <0.001 423 1829 4231 <0.001

Postmenopausal women (n) – – – <0.001 452 2166 5035 <0.001

Ever use of oral contraceptives (n) – – – 1270 3453 5193 <0.001

Ever use of hormonal replacement therapy (n) – – – 177 660 1245 <0.001

a: P-values from Kruskal–Wallis or Chi-square tests.
b: Sum of recreational and household physical activity (PA).
c: Never smokers were excluded.
d: History of cancer or cardiovascular disease, or self-reported hypertension or hyperlipidaemia at recruitment.
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Anthropometric indices individually added to the basic model had
a significant effect on the association of LiSoP with T2D. The largest
attenuation of the HR estimates was seen after adjustment for WC
among women [HR = 1.99 (1.31–3.00) for middle class, and 2.27
(1.52–3.40) for lower class]; and for BMI in men [HR = 1.69
(1.32–2.16) for middle class, and 2.02 (1.59–2.57) for lower class].
Adjustment for WC produced a similar HR attenuation to BMI
among men [HR = 1.73 (95% CI: 1.35–2.21) for middle class, and
2.16 (1.70–2.74) for lower class] (figure 1).

The evaluation of effect modification (table 3) showed a significant
interaction in women for WC (normal vs. excess) and smoking status
(never/former/smokers), and social gradients for the normal WC and
current smokers. Men presented higher HRs for T2D in excess weight,

never smokers and <50 years old, as compared with their counterpart
risk groupings, whereas HRs were higher among women without
previous chronic disease. Furthermore, stratification of standard BMI
categories by WC groups consistently revealed higher T2D risks at lower
LiSoP categories among men and women, yet the limited number of
cases in some subgroups may have restricted the power to attain the
level of statistical significance (Supplementary table S2).

Discussion

The results strongly suggested that LiSoP was significantly related to
T2D risk in Spanish adult men and women. Obesity would be the
major biological mediator driving this relationship. WC in men and
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Figure 1 Percentage change in HR from basic model after adjustment for anthropometric indices in life-course social position (LiSoP)
relationship with type 2 diabetes. The EPIC-Spain study

Table 2 HR and 95% confidence intervals (CI) of T2D in men and women according to life-course social position (LiSoP): The EPIC-Spain Cohort

LiSoP model Men Women

Upper Middle Lower P for gradient Upper Middle Lower P for gradient

HR HR 95% CI HR 95% CI HR HR 95% CI HR 95% CI

Model 1: LiSoP 1 1.89 1.48–2.42 2.48 1.95–3.14 <0.001 1 3.06 2.03–4.61 4.34 2.91–6.47 <0.001

Model 2: LiSoP + anthropometry 1 1.63 1.27–2.08 1.91 1.50–2.43 <0.001 1 1.88 1.24–2.85 2.06 1.37–3.09 0.002

Model 3: LiSoP + smoking 1 1.89 1.48–2.41 2.44 1.92–3.09 <0.001 1 3.06 2.03–4.62 4.32 2.89–6.48 <0.001

Model 4: LiSoP + diet and PA 1 1.89 1.48–2.43 2.46 1.92–3.14 <0.001 1 2.91 1.92–4.40 4.05 2.69–6.08 <0.001

Model 5: LiSoP + chronic diseases 1 1.88 1.47–2.40 2.45 1.93–3.11 <0.001 1 3.01 2.00–4.54 4.15 2.78–6.19 <0.001

Model 6: LiSoP + reproductive factors – – – – 1 3.05 2.02–4.59 4.32 2.89–6.44 <0.001

Model 7: LiSoP + all mediators 1 1.63 1.27–2.09 1.90 1.48–2.43 <0.001 1 2.04 1.34–3.10 2.26 1.49–3.42 0.001

All models were stratified by centre and age and adjusted for: (1) LiSoP; (2) body mass index, and waist and hip circumferences; (3) smoking
status and age at smoking initiation; (4) energy intake, plausibility of energy intake reporting, macronutrient intake (% energy from
protein, lipids and carbohydrates), alcohol consumption, and daily intake of vegetables, fruit, red meat, processed meat and coffee, plus
physical activity (PA) at work and during leisure-time; (5) self-reported hypertension or hyperlipidaemia at recruitment, or history of cancer
or cardiovascular disease; (6) postmenopausal status, ever use of oral contraceptives or hormonal replacement therapy; (7) mutually
adjusted by all variables considered in previous models.

442 European Journal of Public Health

Downloaded from https://academic.oup.com/eurpub/article-abstract/26/3/439/2467233
by guest
on 22 April 2018

http://eurpub.oxfordjournals.org/lookup/suppl/doi:10.1093/eurpub/ckv218/-/DC1


women, and BMI in men, have specifically been shown as the main
explanatory anthropometric mediators, in agreement with previous
results on the anthropometric indices of T2D in the EPIC-Spain
cohort.29

The strengths of this study include the large sample size, the pro-
spective design and the validation of T2D cases, thus reducing the
potential for misclassification bias. Moreover, a wide set of variables
of the behavioural pathway for diabetes outcomes were available for
analysis, such as measured anthropometric data; PA; detailed dietary
information; alcohol intake; and smoking status and intensity; as
well as reproductive status and hormonal drug therapy in women.
Therefore, relevant models of the relationship between social
indicators and T2D could be evaluated; these accounted for
different types of mediators; thus, providing insight into the
underlying social pathways of T2D.

Nevertheless, this study also has limitations. Those arising from
the definition of the LiSoP score were previously explained in
parallel to most Western countries official socioeconomic classifica-
tions,22 thus supporting the external validity of the reported associ-
ations. Further, education has been related to early adulthood and a
suitable predictor for occupation.20,30

In addition, childhood anthropometrics were not measured.
Increased body size starting from childhood was associated with a
greater risk of diabetes in adult women, unless they become lean in
adulthood.31 Adult social position and other obesity determinants
may be the mechanisms responsible for the observed associations
between childhood and adult obesity. In that sense, a systematic
literature review (years 1998–2008) suggested that childhood social
position was inversely related to adulthood obesity in women and
not associated in men.32 Moreover, a recent systematic review
(2008–2010) showed childhood socioeconomic position to be
associated with T2D and obesity in adulthood.14 In that way, BMI
measurement at baseline could be a mediator of childhood social
position, which attenuated the T2D and LiSoP relationship towards
non-statistical significance.

Data on family history of diabetes were not available. This could
mean that more cases with low social position were diagnosed
during follow-up and hence, the results may be overestimated.

The lack of data pertaining to mental diseases might be regarded
as another limitation. In that sense, it has been argued that the
relationship between mental depression and T2D is bi-directional,
with a relevant risk of T2D, and a modest increase on the
contrary.33

We acknowledge criticism of the standard methodology applied to
evaluate the intermediary effect of potential mediators, as it is sus-
ceptible to possible bias.34,35 However, alternative methods for iden-
tifying biological mediation are not widespread and may need to be
further developed to overcome their own limitations.

Finally, as in most longitudinal studies, data on potential
confounders were only available at baseline, so it was therefore not
possible to control for differential exposures to T2D-related factors
at different follow-up times.

Our results on LiSoP and T2D concur with prospective evidence
from other cohort studies in diverse international settings.2,8,36 All
studies have observed HRs lower than in our Spanish cohort,
although they are barely comparable to US racial and access con-
straints to the health care system.

Regarding gender-specific differences, we have found social incon-
sistency effects among women, in accordance with other prospective
studies,37 and at the same time, we confirmed an earlier reported
social gradient effect on T2D risk among men.6

Most of the articles published have shown BMI as a major single
mediator, in concordance with our results.13,37,38 Others have
described the importance of models including WC, low social
position in childhood and adulthood weight excess, especially in
women.36

Our differences on smoking relevancy in contrast to other studies
could be related to the measurement types used, such as for smoking
status or smoking history categories, are probably valid.13,15 Anyway,
due to effect modification, current women cigarette smoking should
be taken into account to close the social- and gender-gap in govern-
mental health policies on weight excess reduction.38

In the European context, self-reported T2D was significantly
related to education among women, after adjusting for age, BMI,
alcohol consumption, smoking status and physical inactivity, in 11
countries. That relationship was principally mediated by BMI.39

Table 3 HRa and 95% confidence intervals (CI) of T2D in men and women, stratified by potential effect modifiers according to life-course
social position: The EPIC-Spain Cohort

Men Women

Upper Middle Lower P for gradient Upper Middle Lower p for gradient

HR, 95% CI HR, 95% CI

Normal weight 1 1.41 0.58–3.43 1.61 0.66–3.92 0.315 1 1.77 0.60–5.27 2.85 0.97–8.39 0.028

Excess weightb 1 1.69 1.30–2.19 2.03 1.57–2.63 <0.001 1 2.12 1.34–3.37 2.29 1.45–3.62 0.003

P for interaction 0.916 0.196

Normal waist circumference 1 1.75 1.20–2.55 2.20 1.51–3.21 <0.001 1 1.40 0.70–2.82 2.41 1.22–4.74 <0.001

High waist circumferencec 1 1.60 1.15–2.24 1.78 1.28–2.47 0.001 1 2.28 1.34–3.89 2.30 1.36–3.90 0.054

P for interaction 0.312 0.007

Never smokers 1 3.03 1.56–5.89 3.18 1.65–6.15 0.007 1 2.04 1.13–3.68 2.05 1.14–3.67 0.181

Former smokers 1 1.05 0.71–1.57 1.20 0.81–1.78 0.244 1 0.95 0.33–2.72 1.44 0.52–3.99 0.266

Smokers 1 1.80 1.22–2.66 2.17 1.48–3.19 <0.001 1 2.68 1.01–7.09 3.70 1.42–9.66 0.003

P for interaction 0.317 0.009

<50 years old 1 2.00 1.37–2.92 2.45 1.67–3.58 <0.001 1 1.82 1.03–3.20 2.28 1.31–3.98 0.001

�50 years old 1 1.46 1.05–2.04 1.74 1.26–2.40 <0.001 1 2.41 1.29–4.51 2.53 1.37–4.68 0.029

P for interaction 0.401 0.254

No chronic disease 1 1.62 1.11–2.35 2.04 1.41–2.96 <0.001 1 2.37 1.32–4.26 2.69 1.51–4.79 0.002

Chronic diseased 1 1.76 1.25–2.48 1.95 1.38–2.74 0.001 1 1.62 0.88–2.98 1.72 0.94–3.12 0.151

P for interaction 0.226 0.580

a: All models were stratified at least by centre and age, and adjusted by height, weight, waist and hip circumferences, smoking, energy
intake, alcohol consumption, work and recreational PA, baseline chronic disease, and reproductive factors in women.

b: Body mass index� 25 kg m�2.
c: Waist circumference�102 cm in men/�88 cm in women.
d: History of cancer or cardiovascular disease, or self-reported hypertension or hyperlipidaemia at recruitment.
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Repeated measurements after recruitment in cohort participants’
would document the changing pattern of diet, PA, anthropometry
and other related health behaviours. Meanwhile, social position after
retirement would allow a more accurate estimation of T2D risk, as
cohort participants were mostly elderly. It would be desirable if
future analyses of this EPIC cohort included the aforementioned
issues in relation to T2D risk.

LiSoP was related to T2D risk in adult Spanish men and women.
Anthropometry mostly explained the relationship between LiSoP
and T2D. WC and body mass indices were the major mediators
from LiSoP to T2D risk. As WC, BMI and even LiSoP were partly
avoidable and modifiable, this offers a great opportunity for
community health action to target and counterbalance adverse
social strata and health disparities.

Supplementary data

Supplementary data are available at EURPUB online.
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Key points

� Life-course social (LiSoP) gradient was established through
major social strata for diabetes mellitus type 2 (T2D) risk in
adult men and women in Spain.
� Obesity was confirmed as the major biological mediator

driving the relationship between individual LiSoP and T2D
in a Southern European context.
� Waist circumference in both sexes and body mass index in

men have been revealed as the main explanatory anthropo-
metric indices for obesity in the relationship between T2D
risk and life-long social position exposure.

References

1 Agardh EE, Allebeck P, Hallqvist J, et al. Type 2 diabetes incidence and socio-

economic position: a systematic review and meta-analysis. Int J Epidemiol

2011;40:804–18.

2 Smith BT, Lynch JW, Fox CS, et al. Life-course socioeconomic position and type 2

diabetes mellitus: The Framingham Offspring Study. Am J Epidemiol

2011;173:438–47.

3 Sacerdote C, Ricceri F, Rolandsson O, et al. Lower educational level is a predictor of

incident type 2 diabetes in European countries: the EPIC-InterAct study. Int J

Epidemiol 2012;41:1162–73.

4 Maty SC, James SA, Kaplan GA. Life-course socioeconomic position and incidence

of diabetes mellitus among blacks and whites: the Alameda County Study,

1965–1999. Am J Public Health 2010;100:137–45.

5 Nagaya T, Yoshida H, Takahashi H, et al. Policemen and firefighters have increased

risk for type-2 diabetes mellitus probably due to their large body mass index: a

follow-up study in Japanese men. Am J Ind Med 2006;49:30–5.

6 Robbins JM, Vaccarino V, Zhang H, et al. Socioeconomic status and diagnosed

diabetes incidence. Diabetes Res Clin Pract 2005;68:230–6.

7 Ross NA, Gilmour H, Dasgupta K. 14-year diabetes incidence: the role of socio-

economic status. Health Rep 2010;21:19–28.

8 Lidfeldt J, Li TY, Hu FB, et al. A prospective study of childhood and adult

socioeconomic status and incidence of type 2 diabetes in women. Am J Epidemiol

2007;165:882–9.

9 Ben-Shlomo Y, Kuh D. A life course approach to chronic disease epidemiology:

conceptual models, empirical challenges and interdisciplinary perspectives. Int J

Epidemiol 2002;31:285–93.

10 Pikhartova J, Blane D, Netuveli G. The role of childhood social position in adult

type 2 diabetes: evidence from the English Longitudinal Study of Ageing. BMC

Public Health 2014;14:505.

11 Kuh D, Ben-Shlomo Y, Lynch J, et al. Life course epidemiology. J Epidemiol

Commun Health 2003;57:778–83.

12 Espelt A, Arriola L, Borrell C, et al. Socioeconomic position and type 2 diabetes

mellitus in Europe 1999–2009: a panorama of inequalities. Curr Diabetes Rev

2011;7:148–58.

13 Stringhini S, Tabak AG, Akbaraly TN, et al. Contribution of modifiable risk factors

to social inequalities in type 2 diabetes: prospective Whitehall II cohort study. BMJ

2012;345:e5452.

14 Tamayo T, Christian H, Rathmann W. Impact of early psychosocial factors

(childhood socioeconomic factors and adversities) on future risk of type 2 diabetes,

metabolic disturbances and obesity: a systematic review. BMC Public Health

2010;10:525.

15 Williams ED, Tapp RJ, Magliano DJ, et al. Health behaviours, socioeconomic status

and diabetes incidence: the Australian Diabetes Obesity and Lifestyle Study

(AusDiab). Diabetologia 2010;53:2538–45.

16 Riboli E, Kaaks R. The EPIC Project: rationale and study design. European

Prospective Investigation into Cancer and Nutrition. Int J Epidemiol 1997;26:S6–14.

17 Riboli E, Hunt KJ, Slimani N, et al. European Prospective Investigation into Cancer

and Nutrition (EPIC): study populations and data collection. Public Health Nutr

2002;5:1113–24.

18 Langenberg C, Sharp S, Forouhi NG, et al. Design and cohort description of

the InterAct Project: an examination of the interaction of genetic and lifestyle

factors on the incidence of type 2 diabetes in the EPIC Study. Diabetologia

2011;54:2272–82.
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Background: Health inequalities have increased over the last 30 years. Our goal was to investigate the relation-
ship between low individual socioeconomic status and poor breast cancer prognosis. Our hypothesis was: low
socioeconomic status patients have a higher risk of being diagnosed with late stage breast cancer than high
socioeconomic status ones due to delayed diagnosis. Methods: We conducted a matched case–control study
on 619 women with breast cancer, living in the Hérault, a French administrative area. Both Cases and Controls
were recruited among invasive cases diagnosed in 2011 and 2012 and treated in Hérault care centers. Cases were
defined as patients with advanced stages. Controls were composed of early stage patients. Individual socioeco-
nomic status was assessed using a validated individual score adapted to the French population and health
care system. Results: We observed that low socioeconomic status patients have a 2-fold risk of having late
stage breast cancer regardless of cancer characteristics and detection mode (screening vs. clinical
signs). Conclusion: One reason explaining those results could be that low socioeconomic status patients have
less regular follow-up which can lead to later and poorer diagnosis. Follow-up is improved for women with a
better awareness of breast cancer. Health policy makers could reduce health inequalities by reducing the delay in
breast cancer diagnosis for low socioeconomic status women.
. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .

Introduction

Breast cancer (BC) is the most prevalent cancer among women. In
France, almost 50 000 new cases were diagnosed in 2012.1 With a

10-year survival rate of 76%2 BC is increasingly associated with
positive prognosis. In France, over the past 30 years, the mortality
rate of BC patients has slightly decreased1 due to an improvement in
treatment and medical care. At the same time, the proportion of
early stage BC often detected by mammography screening (MS) has
increased.

Since the end of the 1980s, socioeconomic factors such as
socioeconomic status (SES) have been investigated as prognostic
factors of BC.3–5 An association between low SES and BC patient

survival has been observed in international studies. Low SES women
with BC had a lower survival rate than high SES women.6–9

Differences in survival rates for patients with BC have been
observed as being dependent on SES. The survival rate of high SES
populations was found 10% higher than among low SES popula-
tions.7 However, the mechanisms of the association between BC
survival and SES remain unconfirmed and the process itself is not
yet clear. Such survival rate differences could be partly explained by
‘stage at diagnosis’.10 Indeed, studies have found that low SES popu-
lations had a higher risk of advanced diagnostic stages at
discovery,11–19 probably due to delayed diagnosis. In France, a
positive association between low SES and late diagnostic stages has
been described.18,19 Thus, our research aimed to strengthen this
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