s1dLIOSNUBIA JoyINy sispund DN 8doin3 ¢

s1dLosnuUep JoyIny sispund DN adoin3 ¢

Europe PMC Funders Group
Author Manuscript
Diabetologia. Author manuscript; available in PMC 2014 November 06.

Published in final edited form as:
Diabetologia. 2011 September ; 54(9): 2272-2282. doi:10.1007/s00125-011-2182-9.

The InterAct Project: An Examination of the Interaction of
Genetic and Lifestyle Factors on the Incidence of Type 2
Diabetes in the EPIC Study

A full list of authors and affiliations appears at the end of the article.

Abstract

Background—Studying gene-lifestyle interaction may help to identify lifestyle factors that
modify genetic susceptibility and uncover genetic loci exerting important subgroup effects.
Adequately powered studies with prospective, unbiased, standardised assessment of key
behavioural factors for gene-lifestyle studies are lacking.

Objective—To establish a type 2 diabetes case-cohort study designed to investigate how genetic
and potentially modifiable lifestyle and behavioral factors, particularly diet and physical activity,
interact in their influence on the risk of developing type 2 diabetes.

Methods—Funded by the Sixth European Framework Programme, InterAct consortium partners
ascertained and verified incident cases of type 2 diabetes occurring in European Prospective
Investigation into Cancer and Nutrition (EPIC) cohorts between 1991 and 2007 from 8 of the 10
EPIC countries. A pragmatic, high sensitivity approach was used for case ascertainment including
multiple sources at each EPIC centre, followed by diagnostic verification. Prentice-weighted Cox
regression and random effects meta-analyses were used to investigate differences in diabetes
incidence by age and sex.

Results—A total of 12,403 verified incident cases of type 2 diabetes occurred during 3.99
million person-years of follow-up of 340,234 EPIC participants eligible for InterAct. We defined a
centre stratified subcohort of 16,154 individuals for comparative analyses. Individuals with
incident diabetes that were randomly selected into the subcohort (n=778) were included as cases in
the analyses. All prevalent diabetes cases were excluded from the study. InterAct cases were
followed-up for an average of 6.9 years, 49.7% were men. Mean baseline age and age at diagnosis
were 55.6 and 62.5 years, mean BMI and waist were 29.4 kg/m2 and 102.7 cm in men, and 30.1
kg/m2 and 92.8 cm in women, respectively. Risk of type 2 diabetes increased linearly with age,
with an overall hazard ratio (95% CI) of 1.56 (1.48; 1.64) for a 10 year age difference, adjusted for
sex. A male excess in the risk of incident diabetes was consistently observed across all countries,
with a pooled hazard ratio of 1.51 (1.39; 1.64), adjusted for age.
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Conclusions—InterAct is a large, well powered, prospective study which will inform our
understanding of the interplay between genes and lifestyle factors on the risk of type 2 diabetes
development.
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Introduction

The identification of common genetic variants that are reproducibly associated with type 2
diabetes has accelerated considerably with the availability of results from genome wide
association studies (GWAS) of prevalent cases and controls [1-6]. However, the discovered
associations only account for a relatively small proportion of the heritable component [7].
Interactions between genetic factors and lifestyle exposures, gene-gene interaction, and
genetic variation other than common single nucleotide polymorphisms (SNPs) are likely to
be important factors that contribute to the remaining variance [8], but have not been
systematically explored.

The existing case-control studies used to identify the genetic loci associated with type 2
diabetes are not optimally designed to investigate gene-environment or lifestyle interaction
(GEI) since they do not have standardised assessment of key lifestyle, behavioural factors
and do not have a prospective design in which those factors are assessed in an unbiased
manner before the onset of disease. An optimal study design for investigating GEl is a case-
cohort study nested within a large prospective cohort, as this combines the efficiency of the
case-control design with the advantages of the longitudinal cohort approach with extensive
prospective assessment of key exposures that are not subject to recall bias. Selecting a
random subcohort (nested case-cohort study) rather than matched controls (nested case-
control study) has the additional advantage that it facilitates the design and conduct of future
case-cohort studies for other diseases occurring in the same background population or
cohort.

The InterAct Consortium is funded by the Sixth European Framework Programme. It was
initiated to investigate how genetic and lifestyle behavioural factors, particularly diet and
physical activity, interact on the risk of developing diabetes and how knowledge about such
interactions may be translated into preventative action. As part of the wider InterAct project,
consortium partners have established a case-cohort study of incident type 2 diabetes
(InterAct Study) based on cases occurring in European Prospective Investigation into Cancer
and Nutrition (EPIC) cohorts between 1991 and 2007 in 8 of 10 EPIC countries participating
in InterAct.

The principal objectives of this report are to a) describe the InterAct Study design,
population, and objectives, b) characterise the random subcohort and compare it to EPIC
participants from each of the 8 participating European countries eligible for InterAct, and c)
investigate characteristics of incident diabetes cases, including differences in diabetes risk
by age and sex.
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Methods

Participants and study design

The large prospective InterAct type 2 diabetes case-cohort study is coordinated by the MRC
Epidemiology Unit in Cambridge and nested within the European Prospective Investigation
into Cancer and Nutrition (EPIC) [9]. EPIC was initiated in the late 1980s and involves
collaboration between 23 research institutions across Europe in 10 countries (Denmark,
France, Germany, Greece, Italy, the Netherlands, Norway, Spain, Sweden and the United
Kingdom). With the exception of Norway and Greece, all EPIC countries participated in the
InterAct project, including a total of 455,680 participants (table 1). The majority of EPIC
cohorts were recruited from the general population, with some exceptions [10]. French
cohorts included women who were members of a health insurance scheme for school and
university employees; Turin and Ragusa (Italy) and the Spanish centres included some blood
donors. Participants from Utrecht (Netherlands) and Florence (Italy) were recruited via a
breast cancer screening program. The majority of participants recruited by the EPIC Oxford
(UK) centre consisted of vegetarian and “health conscious” volunteers from England, Wales,
Scotland, and Northern Ireland [10].

All participants gave written informed consent, and the study was approved by the local
ethics committee in the participating countries and the Internal Review Board of the
International Agency for Research on Cancer.

Measurements

As part of EPIC, standardised information was collected at baseline on lifestyle exposures.
Information on socio- economic status, education, and occupation was collected by
questionnaire.

The assessment of diet was undertaken using a self- or interviewer-administered dietary
questionnaire, developed and validated within each country to estimate the usual individual
food intakes of the study participants [10;11]. Additionally, in a stratified subsample of
36,900 participants, a standardised 24-hr recall of food intake was collected [11;12].

Physical activity was assessed at baseline using a brief questionnaire covering occupation
and recreational activity [12;13]. Although an index of physical activity derived from this
questionnaire had previously been validated against repeated objective measures of activity
in the UK and in the Netherlands [13], no validation study has been conducted in any other
country. Therefore, a study to test the validity of the questionnaire in European populations
was conducted in InterAct, including 100 men and 100 women comparable to those
originally recruited into the EPIC study from each participating InterAct country, with an
objective measurement of physical activity by individually calibrated combined heart rate
and movement sensing [14]. Results from this validation study will be published as a
separate report.

Standard anthropometric data and biological samples (blood plasma, blood serum, white
blood cells and erythrocytes) were collected from 385,747 of the 519,978 EPIC study
participants and 346,055 of 455,680 individuals participating in 8 of the 10 EPIC cohorts
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included in InterAct. Individuals without stored blood (n=109,625) or without information
on reported diabetes status (n=5,821) were excluded, leaving a total of 340,234 participants
with 3.99 million person-years of follow-up eligible for inclusion in InterAct (figure 1).

Samples were stored from collection at =196°C in liquid nitrogen at the coordinating centre
at the International Agency for Research into Cancer (IARC) in Lyon, France, or in liquid
nitrogen in local biorepositories with the exception of Umeé& where —80°C freezers were
used. Follow-up data on mortality and disease status has been ascertained via registries,
clinical records, and other sources of clinical information [15;16]. At least one follow-up
was conducted in each centre 3-5 years after baseline and questionnaires and telephone-
based interviews were administered to repeat exposure measurement and collect self-
reported health status data.

Type 2 diabetes case ascertainment and verification

We followed a pragmatic, high sensitivity approach for case ascertainment with the aim of
identifying a) all potential incident diabetes cases and b) excluding all individuals with
prevalent diabetes.

Prevalent diabetes was identified on the basis of baseline self-report of a history of diabetes,
doctor diagnosed diabetes, diabetes drug use, or evidence of diabetes after baseline with a
date of diagnosis earlier than the baseline recruitment date. All ascertained cases with any
evidence of diabetes at baseline were excluded.

Ascertainment of incident type 2 diabetes involved a review of the existing EPIC datasets at
each centre using multiple sources of evidence including self-report, linkage to primary care
registers, secondary care registers, medication use (drug registers), hospital admissions and
mortality data (online appendix; table ST1). Information from any follow-up visit or external
evidence with a date later than the baseline visit was used. Cases in Denmark and Sweden
were not ascertained by self-report, but identified via local and national diabetes and
pharmaceutical registers and hence all ascertained cases were considered to be verified
(online appendix; table ST1).

To increase the specificity of the case definition for centres other than those from Denmark
and Sweden, we sought further evidence for all cases with information on incident type 2
diabetes from fewer than 2 independent sources at a minimum, including individual medical
records review in some centres. Follow-up was censored at the date of diagnosis, the 315t of
December 2007 or the date of death, whichever occurred first. In total, 12,403 verified
incident cases were identified; there were 471 cases in the first year of follow-up and 587 in
the second year. Sample size calculations are included in the online appendix (online
appendix; figure SF1).

Dates of diagnosis

The date of diagnosis for incident cases was set as either the date of diagnosis reported by
the doctor, the earliest date that diabetes was recorded in medical records, the date of
inclusion into the diabetes registry, the date reported by the participant, or the date of the
questionnaire in which diabetes was first reported. If the date of diagnosis could not be
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ascertained from any of the sources listed above, the midpoint between recruitment and
censoring was used (n=421).

Case-cohort design

Subcohort

The case-cohort design of the InterAct study differs from the nested case-control design in
that a random subcohort is selected instead of a set of matched controls. Because only a
subset of the original cohort is randomly selected into the subcohort, cases are
overrepresented in the case-cohort set, which needs to be accounted for in the analysis
methods, as outlined in the online appendix (supplementary methods).

A subcohort of 16,835 individuals was randomly selected from those with available stored
blood and buffy coat, stratified by centre. We oversampled the number of individuals in the
subcohort for the proportion of prevalent diabetes cases in each centre to account for later
exclusion of individuals with prevalent diabetes from InterAct analyses. After exclusion of
548 individuals with prevalent diabetes, 129 individuals without information on reported
diabetes status, and 4 individuals with post-censoring diabetes, 16,154 subcohort individuals
were included in the analysis. Due to the random selection, this subcohort also included a
random set of 778 individuals who had developed incident type 2 diabetes during follow-up.

Stored samples, genotyping and biomarker measurement

Details of the quality, quantity and availability of stored samples can be found in the online
appendix (supplementary methods), together with a description of the InterAct strategy for
genotyping and biomarker measurement.

Statistical analyses

Results

Characteristics of the InterAct incident cases are described using summary statistics (means,
standard deviations, frequencies and percentages) separately for men and women, and
overall. Characteristics of the randomly selected subcohort are also summarised, alongside
summaries from the overall EPIC cohort from which it was sampled, to provide some
indication of the representativeness of the subcohort compared with the whole of EPIC.
Comparison p-values were not calculated for these two groups, as due to the large sample
size, even very small, clinically negligible differences in the distribution of a particular
characteristic are likely to be statistically significant. Prentice-weighted Cox regression
models and random effects meta-analyses were used, as described in more detail in the
online appendix (supplementary methods), to investigate differences in the incidence of
diabetes by sex and age. Crude and age-standardised incidence rates were calculated within
each country.

A total of 12,403 incident cases of type 2 diabetes were ascertained and verified (figure 1)
during 3.99 million person-years of follow-up of 340,234 EPIC participants (mean follow-
up 11.7 years), excluding individuals without stored blood (n=109,625) or without
information on reported diabetes status (n=5,821). The total number of incident cases in
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InterAct further excluded a total of 2,577 verified Danish cases for logistical reasons, as
local sample retrieval and DNA extraction of more than the originally anticipated 2,000
cases was not feasible in the required timeframe. A random subcohort of 16,835 individuals
was selected; after exclusion of 548 individuals with prevalent diabetes, 129 individuals
with unknown and 4 with post-censoring diabetes status, 16,154 individuals were included
in the subcohort for InterAct analyses. Due to the random selection, this subcohort also
included a random set of 778 individuals who had developed incident diabetes during
follow-up.

Characteristics of individuals in the random subcohort

Country specific baseline characteristics of the random subcohort were similar to those in
the overall EPIC population eligible for inclusion for each country (online appendix; table
ST2). The mean age of participants in the random subcohort was 52.5 years, a total of 38.4%
were men (online appendix; table ST2). Average BMI and waist were 26.1 kg/m? and 86.8
cm (26.7 kg/m? and 95.4 cm in men, 25.8 kg/m? and 81.6 cm in women), respectively. A
total of 57.0% of participants reported being physically inactive or moderately inactive,
34.6% were educated at secondary level or above, and 46.4% never smoked. Family history
of diabetes was not ascertained in Italy, Spain, Heidelberg or Oxford; 8,832 of the 16,835
subcohort participants had information on family history, in whom it was positive in 1,628
individuals (18.4% of those with data, or 9.7% of the subcohort).

Characteristics of type 2 diabetes cases

Characteristics of ascertained and verified incident cases are shown in table 2; country
specific information is provided in the online appendix (table ST3). Including the 2,577 of
the 4,632 Danish cases with available blood samples that are not part of InterAct, the overall
incidence in InterAct was 3.76 per 1000 person-years of follow-up, based on 14,980 verified
diabetes cases occurring during 3,989,345 person-years. Crude incidences ranged from 1.4/
1000 person-years in French women to 7.4/ 1000 (men 8.9, women 6.0) person-years in
Denmark (online appendix; table ST3). For all analyses other than the calculation of crude
and standardised incidence rates the 2,577 additional Danish cases are excluded, leading to a
total of 12,403 InterAct cases (14,980-2,577=12,403). Of the 12,403 InterAct cases with an
average follow-up of 6.9 years, 49.7% were men (n=6,165). Mean baseline age and age at
diagnosis were 55.6 and 62.5 years, mean BMI and waist were 29.7 kg/m? and 97.7 cm
(29.4 kg/m? and 102.7 cm in men, 30.1 kg/m? and 92.8 cm in women), respectively (table
2). A total of 30.8% of all InterAct cases reported a positive family history of diabetes
(26.3% of men, 35.3% of women), excluding centres which did not obtain this information
(table 2).

Associations of age and sex with incident type 2 diabetes

Men showed a significantly greater risk of incident diabetes than women (figure 2), with a
pooled hazard ratio (95% confidence interval) of 1.51 (1.39; 1.64). Despite a consistent male
excess of diabetes risk across all centres and countries, some heterogeneity in the effect of
sex was present (12 57%). Adjusting the centre-specific effects of sex for waist, but not BMI
explained some of the heterogeneity (12 was reduced to 33%). Diabetes incidence increased
linearly with age (figure 3), with an overall, pooled hazard ratio of 1.56 (1.48; 1.64) for a 10
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year age difference (1.44 (1.35; 1.55) in men and 1.64 (1.55; 1.74) in women); the
apparently substantial heterogeneity (12 73% overall, 71% in men, 61% in women) was
mainly due to the larger than average and statistically significant effect in the Bilthoven
cohort (hazard ratio 2.29 in men and 2.28 in women).

Associations of measures of obesity, smoking, alcohol intake, physical activity,
socioeconomic status and dietary information with diabetes are each the subject of separate
InterAct reports.

Discussion

Type 2 diabetes is an increasingly common, complex disease that clusters in families and is
influenced by genetic and lifestyle factors. Despite progress in the identification of common
genetic variants through genome-wide meta-analyses of diabetes case-control studies,
current studies are lacking the power and prospective design to investigate interaction
between genes and lifestyle. Effect sizes of type 2 diabetes loci identified to date are small
and explain only a small proportion of familial clustering [17;18].

Heterogeneity in effects across studies exists due to the different design and case
ascertainment of cross-sectional studies contributing to earlier GWAS [19]. In addition,
heterogeneity in effects of established or yet unidentified loci between population subgroups
is likely, due to the multifaceted aetiology of type 2 diabetes. Varying effects between
subgroups defined by disease characteristics such as early versus late diabetes onset or with
versus without positive family history may reflect different relative contributions of genetic
versus lifestyle factors. Not accounting for potential sources of heterogeneity may lead to
important subgroup effects being overlooked, genetic variants not being identified and the
genetic variance explained being underestimated.

Understanding differences in how genetic susceptibility translates into diabetes risk between
subgroups defined by lifestyle or health behavioural factors such as obese versus lean or
sedentary versus active has the potential to inform strategies for disease prevention, as
previously suggested for a common variant in the TCF7L2 gene in high risk individuals in
the Diabetes Prevention Programme [20]. However, existing general population cohorts with
prospective data on type 2 diabetes are underpowered to systematically investigate gene-
lifestyle interaction. We have therefore set up the European InterAct Study whose nested
case-cohort design combines the advantages of a prospective cohort with the efficiency and
power of a large case-control study.

Strength and weaknesses

The use of cases and a random cohort nested in EPIC enabled Interact partners to jointly
ascertain and verify a total of 12,403 incident type 2 diabetes cases in a relatively short time
frame, exceeding the originally estimated number. Extraction of DNA in cases and in the
randomly selected subcohort and storage in a comPOUND® (TTP LabTech, Cambridge,
UK) automatic DNA handling system allows rapid genotyping that together with
standardised baseline information on participants’ clinical characteristics and health
behaviour enables investigation of the interaction between genes and lifestyle factors.
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Genome-wide data on a stratified InterAct sample of 10,000 participants provides the
opportunity for discovery of as yet unidentified variants whose larger subgroup effects may
have introduced sufficient heterogeneity in non-stratified, conventional GWAS to prevent
them from reaching the stringent significance levels required in this setting.

In addition to the prospective design that minimises systematic error introduced by recall
bias, advantages of the InterAct case-cohort design include the time- and cost-efficiency and
maximal sharing of resources that can be achieved by sharing of the randomly selected
subcohort. In a traditional prospective cohort study such as EPIC, initially disease free
individuals are followed up over time to observe the rate of occurrence of binary clinical
events (e.g. diabetes) in relation to information obtained at baseline. The major advantage is
that this approach avoids the problem of recall bias, but it involves follow-up of a large
study population over many years and is time consuming and expensive. This is especially
true when the characterisation of possible exposures is expensive and inefficient since it is
obtained in the whole cohort, only a small proportion of which go on to become cases. In a
case-cohort study, efficiency is optimised by only obtaining additional exposure information
for participants experiencing the outcome of interest and for members of a random sample
(subcohort) selected from the entire cohort independent of the outcome. An added advantage
is that this subcohort can be used as a comparison cohort for different outcomes of interest.
Case-cohort studies can be designed within large cohorts with blood samples, DNA or other
materials stored at baseline for later exposure measurement.

Subcohort participants were shown to be representative of EPIC participants eligible for
inclusion in InterAct within each country, and thus provide an excellent opportunity for data
sharing with research groups studying other disease outcomes within EPIC. Sensitivity
analyses calculating hazard ratios from unweighted Cox regression using full EPIC cohort
data compared to weighted Cox regression using case-subcohort data showed that results
were comparable for sex, but differed somewhat for age.

The detailed, standardized evaluation of dietary and lifestyle factors on a Europe-wide scale,
including assessment of nutritional biomarkers in addition to dietary self-report,
optimisation of dietary data through calibration, and validation of physical activity
questionnaires against objective measures, will help to address questions that have not been
resolved due to inconclusive results from earlier prospective studies or intervention trials.
The study of different European populations with considerable heterogeneity in dietary
habits and health behaviours will increase the generalisability of any potential findings.
Heterogeneity in the confounding structure across countries will help to minimise the
identification of false positive, non-causal associations. The large number of cases in
InterAct will be instrumental in being able to investigate dose-response effects of important
exposures in more detail and inform decisions about appropriate thresholds with greater
precision of estimates.

Although the possibility of examining the consistency of main genetic and interaction
effects across the 8 European countries will help to understand factors contributing to any
potential heterogeneity, results from our European descent InterAct participants do not allow
inference about other ethnic groups with different allele frequencies and distribution and
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determinants of health behaviours. We used a clinical definition of type 2 diabetes that did
not rely on glucose measurement. This means that although our case definition is specific
due to the verification process, InterAct rates reflect the incidence of clinical type 2 diabetes
and our case number would be even larger had it been possible to identify undiagnosed
diabetes cases. Likewise, we have not ruled out undiagnosed diabetes in the subcohort,
which may lead to an underestimation of main effects and reduced power for interaction
analyses. Despite great efforts to standardise the clinical case definition of our study, some
heterogeneity exists between centres due to differences in the information that was available
locally for case ascertainment and verification. In addition, not all EPIC cohorts recruited
participants from the general population [9;10], potentially limiting the generalisability of
our findings. Centre and country specific absolute incidence rates therefore need to be
generalised and compared with caution. However, any bias due to differences in the case
definition between countries would need to be consistent across centres and countries to lead
a false positive association in our meta-analyses, the results of which also provide
information about heterogeneity and hence to some degree generalisability of findings. The
prevalence of important diabetes risk factors has changed since EPIC participants were
recruited, with an ageing European population and greater prevalence of overweight and
obesity; however, whether or not their relative importance for diabetes risk or potential
interactions with genetic susceptibility has also changed remains unknown.

Diabetes incidence by country, age and sex

Despite the increasing prevalence of type 2 diabetes and associated economic and public
health burden, [21;22] data on incidence rates from population-based European studies are
scarce. Previous studies identifying clinical as well as undiagnosed, asymptomatic diabetes,
have shown rates varying from 3.03 per 1000 person-years in Sweden [23] to 19.1 in
Southern Spain [24], with estimates in-between for other European countries or regions
[25-29]. The precision of these estimates from individual studies is naturally limited due to
the relatively small cohort sizes and numbers of new cases; in addition, rates are expected to
be higher compared to those based on a clinical diagnosis alone, as used in InterAct.

In contrast to many prevalence studies universally showing an increase of type 2 diabetes
with age, data on differences in the incidence of type 2 diabetes in Europe are sparse. We
observed a linear increase in diabetes risk by age across the 8 countries included in InterAct,
with an overall 56% increase in risk for a decade of age (men 45%, women 64%). This
trend, in the context of an ageing European population, will lead to a rise in the incidence of
diabetes if effective prevention measures are not implemented now. We also found a
consistent male excess in diabetes incidence across all countries, with an overall 50% higher
risk in men, compared to women. Differences in waist circumference accounted for some of
the heterogeneity in this association between countries. The previous literature on sex
differences in incident diabetes largely supports this finding, with most [24;26;29-31], but
not all studies [27] reporting a male excess in risk. Future InterAct work will identify factors
that underlie and contribute to differences in diabetes incidence by sex and age.

The aims of the InterAct Project extend beyond the establishment of the InterAct case-
cohort study and investigation of gene-lifestyle interaction using prospective observational
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studies. To enable InterAct partners to take gene-lifestyle interactions identified in the
observational part of the study forward to a trial setting, a consortium of lifestyle
intervention diabetes prevention trials ready for genotyping has been established. To better
understand the impact of genetic risk information for preventive action, a Cochrane
systematic review of the provision of risk information on emation, cognition and behaviour
has been completed, suggesting that the communication of DNA-based disease risk
estimates may have little or no effect on behaviour, but may have a small effect on
intentions to change behaviour [32].

Conclusions

In summary, the InterAct Study is a large scale collaborative endeavour with the potential to
improve our understanding of gene-lifestyle interaction by using sufficiently powered,
prospective observational data including 12,403 incident type 2 diabetes cases and a random
subcohort of 16,835 individuals. The establishment of a well characterised random
subcohort will aid the design and conduct of future case-cohort studies nested within EPIC
cohorts.
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Figure 1.
Overview of the InterAct type 2 diabetes (T2D) case-cohort study nested within 8 of the 10
EPIC Europe countries.
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Hazard
Centre Ratio (95% CI)
Italy i
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Varese —|— 1.20 (0.81, 1.78)
Ragusa T—— 1.34 (0.96, 1.88)
Turin ——— 1.87(1.39, 2.53)
Subtotal <I> 1.56 (1.28, 1.90)
[}
Spain i
Asturias —— 1.45 (1.16, 1.81)
Granada —— 1.50 (1.08, 2.07)
Murcia —— 1.31 (1.04, 1.65)
Navarra —— 1.44 (1.16, 1.80)
San Sebastian | —— 2.12(1.67, 2.70)
Subtotal <> 1.54 (1.30, 1.82)
|
UK !
Cambridge —o—  1.84(1.51,223)
Oxford ——  1.62(1.13,2.33)
Subtotal <> 1.79 (1.50, 2.12)
|
Netherlands :
Bilthoven —-—— 1.23 (0.91, 1.67)
Subtotal > 1.23 (0.91, 1.67)
I
Germany :
Heidelberg +o— 1.73 (1.41,2.13)
Potsdam ——  1.84(153 223)
Subtotal :<> 1.79 (1.56, 2.06)
I
Sweden :
Malmo -+ 1.46 (1.28, 1.67)
Umea —— 1.32 (1.09, 1.60)
Subtotal < 1.41 (1.26, 1.57)
I
Denmark i
Aarhus —— 1.30 (1.04, 1.62)
Copenhagen - 1.20 (1.04, 1.39)
Subtotal < 1.23 (1.09, 1.39)
I
Overall <f> 1.51 (1.39, 1.64)
|
L
1
1 15 2
Figure2.

Hazard ratios for incident type 2 diabetes in men compared to women across InterAct

centres and countries (12 57%). France, Naples and Utrecht included women only and are

excluded.
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a. Men

Centre

Italy
Florence
Varese
Ragusa
Turin
Subtotal

Spain

Asturias
Granada
Murcia
Navarra

San Sebastian
Subtotal

UK
Cambridge
Oxford
Subtotal

Netherlands
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Heidelberg
Potsdam
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Sweden
Malmo
Umea
Subtotal

Denmark
Aarhus
Copenhagen
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Overall

Hazard
Ratio (95% Cl)

1.38 (1.09, 1.76
1.02 (0.67, 1.54
1.49 (1.22, 1.82
1.83 (1.54, 2.18
1.47 (1.21,1.80

NN AN NN

1.49 (1.26, 1.77)
1.19 (0.91, 1.55)
1.41 (1.17, 1.69)
1.49 (1.26, 1.77)
1.62 (1.37, 1.90)
1.47 (1.36, 1.60)

1.30 (1.16, 1.45)
1.27 (1.05, 1.54)
1.29 (1.17, 1.42)

—> 2.29(1.93,272)
<> 229(1.93,2.72)

1.51(1.32, 1.73)
1.49 (1.32, 1.68)
1.50 (1.37, 1.64)

1.29 (1.16, 1.43)
1.45 (1.32, 1.59)
1.37 (1.22, 1.53)

1.37 (1.08, 1.74)
1.20 (1.03, 1.41)
1.25 (1.10, 1.43)

1.45 (1.35, 1.55)
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b. Women

Figure 3.

Centre

France
lle-de-France
NW France
NE France

Rhone-Alpes/Auvergne
Provence/Languedoc

dl

SW France €
Subtotal

Italy
Florence
Varese
Ragusa
Turin
Naples
Subtotal

Spain

Asturias
Granada
Murcia
Navarra

San Sebastian
Subtotal

UK
Cambridge
Oxford
Subtotal

Netherlands
Bilthoven
Utrecht
Subtotal

Germany
Heidelberg
Potsdam
Subtotal

Sweden
Malmo
Umea
Subtotal

Denmark
Aarhus
Copenhagen
Subtotal

Overall

()*+°+*<4+++*°W+‘> MH

Hazard
Ratio (95% Cl)

1.56 (1.09, 2.22)
1.54 (1.04, 2.30)
1.60 (1.11, 2.30)
1.57 (1.06, 2.33)
1.42 (0.87, 2.30)
0.88 (0.35, 2.20)
1.52 (1.28, 1.80)

1.50 (1.30, 1.74)
1.83 (1.54, 2.19)
1.57 (1.38, 1.79)
1.75 (1.47, 2.08)
1.83 (1.52, 2.20)
1.67 (1.54, 1.81)

2.28 (1.89, 2.75)
1.53 (1.32, 1.77)
1.86 (1.26, 2.74)

2.03 (1.75, 2.35)
2.04 (1.80, 2.32)
2.04 (1.85, 2.24)

1.86 (1.40, 2.47)
1.64 (1.35, 1.99)
1.71 (1.46, 2.00)

1.64 (1.55, 1.74)
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a-b. Hazard ratios for incident type 2 diabetes per 10 years of age across InterAct centres
and countries (12 71% in men, 61% in women; analysis with calendar time as the underlying

timescale).
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Overview of the EPIC cohorts contributing to the InterAct type 2 diabetes case-cohort study.

Table 1

Country Centre Baseline collection Stored samples
Period N N % Women 5t and 95" Age Per centiles
France lle-de-France 1993-1996 14,196 5,202 100 44-65
North-West France 1993-1996 13,073 3,880 100 44-65
North-East France 1993-1996 16,244 3,919 100 44-65
Rhone-Alpes/Auvergne  1993-1996 9,966 3,319 100 44-65
Provence/Languedoc 1993-1997 10,126 2,690 100 44-65
South-West France 1993-1996 10,919 2,076 100 44-65
Italy Florence 1992-1998 13,597 13,597 74 37-63
Varese 1993-1997 12,083 12,073 79 39-64
Ragusa 1993-1997 6,403 6,397 52 36-61
Turin 1993-1998 10,604 10,604 43 37-62
Naples 1993-1997 5,062 5,057 100 38-63
Spain Asturias 1992-1995 8,542 8,422 64 36-62
Granada 1992-1996 7,879 6,892 77 36-64
Murcia 1992-1996 8,516 8,146 68 36-62
Navarra 1992-1995 8,084 8,030 52 37-62
San Sebastian 1992-1995 8,417 8,338 51 37-62
UK Cambridge 1993-1998 30,441 24,036 55 45-74
Oxford 1993-1998 57,489 19,241 7 24-70
Netherlands  Bilthoven 1993-1997 22,715 19,388 55 23-58
Utrecht 1993-1997 17,357 16,930 100 49-68
Germany Heidelberg 1994-1998 25,540 24,236 53 37-63
Potsdam 1994-1998 27,548 26,444 60 36-64
Sweden Malmé 1991-1996 28,098 28,053 61 47-71
Umed 1992-1996 25,728 25,728 52 30-60
Denmark Aarhus 1995-1997 17,154 17,094 51 50-64
Copenhagen 1993-1997 39,899 39,036 53 50-64
Total 455,680 348,828
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Table 2

Characteristics (mean (standard deviation) for continuous and % (N) for categorical variables) of 12,403
InterAct incident type 2 diabetes cases.

Total Population Men Women
N=12,403 N=6,165 N=6,238
% % %
missing Mean/ % SD/N missing Mean/% SD/N missing Mean/% SD/N
Age (yrs) 0.0 55.6 7.7 0.0 55.4 7.5 0.0 55.8 7.8
Age at diagnosis (yrs)a 0.0 62.5 8.0 0.0 62.3 7.8 0.0 62.6 8.2
BMI (kg/m?) 0.8 29.7 4.7 0.8 29.4 4.0 0.8 30.1 5.3
Waist (cm) 7.7 97.7 125 8.7 102.7 10.5 6.6 92.8 12.3
Waist hip ratio (%) 7.7 91.6 8.9 8.8 98.0 6.0 6.6 85.4 6.6
Follow-up (yrs) 0.0 6.9 3.3 0.0 6.9 3.3 0.0 6.8 3.3
Family history of diabetes? 15 19 11
No 67.7 4,998 71.8 2,641 63.6 2,357
Yes 30.8 2,277 26.3 968 353 1,309
Self reported hypertensionC 31 4.0 23
No 60.0 7,438 61.1 3,764 58.9 3,674
Yes 36.9 4,577 35.0 2,156 38.8 2,421
Self reported hyperlipidaemiaC 29.1 316 26.8
No 50.2 6,231 45.2 2,784 55.3 3,447
Yes 20.6 2,557 233 1,435 18.0 1,122
Self reported diabetesd 4.2 6.3 2.4
No 339 2,620 35.2 1,261 32.8 1,359
Yes 61.9 4,779 58.4 2,090 64.8 2,689
Antidiabetic drug used 01 0.1 01
No 47.7 3,682 47.8 1,710 475 1,972
Yes 52.3 4,037 52.1 1,865 52.4 2,172
Self reported diabetes & drug
d 4.3 6.4 25
use
No 63.3 4,887 61.6 2,204 64.7 2,683
Yes 32.4 2,505 32.0 1,144 328 1,361

aIn 421/12,403 (3.3%) cases (235 men, 186 women), date of diagnosis was missing; for these cases date of diagnosis was imputed to be halfway
between date of recruitment and end of follow-up, and this imputed date of diagnosis was used to calculate age at diagnosis.

bFamily history data were not collected in Italy, Spain, Heidelberg and Oxford (excluded from these summaries).

Hypertension is “Yes” if either “treatment for hypertension” or “self-reported hypertension” is positive; missing if both variables are missing (also
hyperlipidaemia).

d . . . . .
Information on self reported diabetes/drug use was not available in Sweden and Denmark (excluded from these summaries).
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