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Basic science Metabolic diseases
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Institute of Public Health

M RC Epidemiology Unit

MRC | Medical Research Council

Regional cohort study
established at the outset of
the Institute

» Unites epidemiology

« Enhances links to basic
science

« Links to all disease-specific
clinical interests

« Links to local and national
health policy

« Unites epidemiology and
public health in informing
preventive strategies



European Prospective Investigation into Cancer and
Nutrition

10 country collaboration
500,000 participants

investigate reasons for variations
in cancer with a focus on
nutrition

UK centres: Oxford
Cambridge

MRC | Medical Research Council



EPIC-Norfolk population study

MRC | Medical Researc h Counci

Aim: to improve health through better
understanding of the major determinants
health in middle and later life

25,000 men and women 40-79 years from
General Practice age-sex registers in
Norfolk, UK

Baseline survey 1993-1997
Broad consent
Extensive lifestyle and biologic information

Followed up to present: linkage with health
records e.g. Mortality, Cancer Incidence,
Hospital admissions, General Practice
records.



EPIC-Norfolk: clinic assessments

Year Number Focus

Visit 1 1993-1997 25,000 Cancer, cardiovascular disease

Visit 2 1997-2000 15,000 Bone health

Visit 3 2006-2011 8,000 Vision, physical and mental function

Visit 4 2012-2014 10,000 Body composition

MRC | Medical Research Council



Contributions of prospective cohort studies

Classical aetiological epidemiology

Genetic epidemiology - investigating mechanisms

Risk prediction

Public health modelling to inform policy

Informing preventive action

Understanding the determinants of causes of chronic diseases

Evaluating the impact of interventions



Contributions of prospective cohort studies

« Classical aetiological epidemiology

MRC | Medical Research Council
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More detailed investigation of exposure to disease
relationships

A Prospective Study of the Association
Between Quantity and Variety of Fruit
and Vegetable Intake and Incident
Type 2 Diabetes

s e e e e e < f et ;
| oATE FEEN NN ENERZEEN DAY OF WEEK LUNCH
BEFORE BREAKFAST | Food/Drink Description and Preparation Amount
Food/Drink Description and Preparation Amount 3 A
3 Lrmmon B!  Micio womsed boz . |
C_l\¢«\_\‘.“ }}L-;J.fﬁ\"\: wiels 1 Gilnes \\\\\1) Deep el we OL 7
SAveezia Orege -Sioeelived e Crsh« \\.j\ G
) ; - = .
8- tzag Buds € L‘)\\\’\\‘_r.:.»\, (2a .
I Pe | ccal Bofasy [ (37
BREAKFAST | e g ot Omshicd | 3Slea 3k |
Food/Drink Description and Preparation Amount | ‘ ——— |
s |
¢ ) Mo "t p y |
Bood Dy | borclnded cotd | 2 | dppte P |Hrwemardts 3z
WY sviow | Sel\ cddad. | ™ e o fon [Tanspor~
; e va‘yA's\"iWK—“
\if,i« Jyplaoo \ Cub . . A - 4
3 . {\— o . N ‘:r | | Caxmed  [Buds - made i ekl Fouk
WL S\ S | Deaaerteipom | Yok iwamad wilic D k-
> = L |
\‘ SeT s W )1/(()&35'“\ "
MID MORNING - between breakfast time and lunch time
Food/Drink Description and Preparaton Amount [ TEA - betwaen hanch tine and the svening mesl |
C L&t( & Maywed trwae Tuss.k " || Foorink Description and Preparation Amount
SWetar|s Slskiwsad \ Weug | Aon TYphco - Go. a4 [ W
WARLIC 4 : T
Qs i 154 . Mo Sloinmimed ieoectspora
UG WL ) \,\J,i\\f"\): ‘ | S Lo 512 A#m‘;
S ) i | & - 5
(@~ 73 Howe wmade Dot be Buceyr  [Chuectake Digratioe \
> \ :l'
‘ Loaie ‘ (’L xS

MRC | Medical Research Council



More detailed investigation of exposure to disease
relationships — nutritional biomarkers

Vitamin C 25(0OH) vitamin D
RR, 95% CI
O / . ’
Study casefnon-case (top vs. bottom quartile)
@ - mini-Finland 187/3,910 . I
FMC 230/452 i
Tromso 247/5,872 ' B
© | NHS 608/559 !
IHC 724/31,877 = :
WHI 317/4,823 | _'
i _ ) AusDiab 199/5,001 ! i
* Plasma vitamin C MONICA-KORA 416/1,267 I
Ely 37/740 !
o EPIC-Norfolk ~ 621/826 R
1' 2 e 4 5 Total 3586/55,327 \
—A— Plasma Vitamin C
—&— Fruitand vegetable intake ———— 95% Confidence interval RR 0.59 (0_52, 0_67) ' ' T Prrn
0.2 04 06 1.0 2.0
Source: Harding et al, Arch Int Med 2008 Source: Forouhi et al, Diabetologia 2012
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Contributions of prospective cohort studies

« Genetic epidemiology - investigating mechanisms

MRC | Medical Research Council



Combined effect of 8 genetic variants on

BMI
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Source: Willer et al. Nature Genetics 2009



Genetic associations with intermediate pathways can
identify new pathways to type 2 diabetes

MTNR1B
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Discovery of genetic loci may aid in testing the

causal inference of associations

Association between circulating 25-hydroxyvitamin D and

incident type 2 diabetes: a mendelian randomisation study

Zheng Ye, Stephen | Sharp, Stephen Burgess, Robert A Scott, Fumiaki Imamura, InterAct Consortium, Claudia Langenberg,

Nicholas ] Wareham, Nita G Forouhi

Mendelian randomisation estimate
(28144 cases/76 344 controls)

Observational estimate
(8492 cases/89 698 non-cases)

——

0-8 09

11

|
1-2

OR 0-93 (0-77-1-13; p=0-46)

RR 122 (1-16-1-29; p=3-5x10™)

MRC | Medical Research Council

Source: Ye et al, Lancet Diabetes Endo 2014




Gene-lifestyle interplay
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The EPIC-InterAct Study

e EPIC-Europe - 455,680 individuals at W ACt
baseline

e EPIC-Norfolk

e Stored blood
e Data on diet/physical activity
e Exposure heterogeneity

e Long follow-up
e 4 million person years
12,403 incident cases of T2D

e Nested case-cohort study within EPIC
Europe

MRC | Medical Research Council Source: Langenberg C et al, Diabetologia 2011



Incidence of diabetes by BMI and GRS
@ Act
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Source: Langenberg et al, PLoS Med 2014



Contributions of prospective cohort studies

« Risk prediction
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Pragmatic risk prediction

L’ Third Report of the Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel Ill]

Risk A Tool for Estimating 10-year Risk of Developing Hard CHD

° Ra n ki n g i n d iv i d u a IS i n O rd e r to ta rg et (Myocardial nfarction and Coronary Death)

The risk assessment tool below uses recent data from the Framingham Heart Study
to estimate 10-year risk for *hard” coronary heart disease outcomes (myocardial

H infarction and coronary death). This tool is designed to estimate risk in adults aged
e ra a O S e a re a e S r I S 20 and older who do not have heart disease or diabetes. Use the calculator below to
estimate 10-year risk

Age [Jyears
HDL Cholesterol erl omi‘(dYLes
* Provision of prognostic information or o

© No © Yes

estimation of the likely absolute o v
benefit from intervention

- Motivation to change behaviour

MRC | Medical Research Council Source: Chamnan et al, Diabetologia 2009



Value of local data for risk prediction

« More contemporary

« Framingham over-estimates risk

* Not a problem for ranking but is
an issue for quantification of
absolute risk

» More relevant to local population

« Can include modifiable factors

that may aid with motivation to
change

=
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Contributions of prospective cohort studies

« Public health modelling to inform policy

MRC | Medical Research Council



Estimation of potential impacts of interventions — UK
health checks

Dm Department

i OOK FOR
of Health | L};ESS?RBR\SK ASSESSMENT,
04

RISK REDUCTION AND
RISK MANAGEMENT

Putting
prevention
f i rgi Vascular Checks:

risk assessment and

‘ s neck NN :
management e g © o9 University of
%= eicester
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Estimation of potential impacts of interventions on
public health by modelling

EPIC-Norfolk N=25 639

Exclusion criteria:

Previous CVD (n=1.015) Invite all individuals to GP for a
Previous DM (n=704) vascular check
Statins use (n=241) Strategy 2 Ves . _ i:Yes -
Anti HT use (n=3 488) Invite individuals aged = 50 yrs :
Missing data on BMI, WC, to GP for a vascular check Interventions according to their
FINDRISC, FRS & CRS > T
(n=3 584) Strategy 3 " risk stratification:
1) Smoking cessation

2) Exercise

BMI 2275 or WC> 84 cm
EPIC-Norfolk

inmen and 80 cm in women
3) Weight management
{N=15,828)

Strategy 4 S~ :

Top 20% CRS (CRS = 0.2605)

4) Anti-hypertensive treatment
§) Statins

Strategy 5
Top 40% CRS (CRS = 0.1262)

Strategy 6 i:Yes - _ YYeS
Top 60% CRS (CRS = 0.0597)

Source: Chamnan et al BMJ 2010;340:¢c1693
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Contributions of prospective cohort studies

« Informing preventive action
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Combined impact of health behaviours on mortality risk
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Percentage progression to diabetes by successful
achievement of intervention targets in the Finnish
Diabetes Prevention Trial

50
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%
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Rate of developing diabetes according to the
number of diabetes healthy behaviour goals met

- x2 test for trend p <0.001

Diabetes incidence rate/1000 p-yrs
- N w H O o ~N oo
| | |
L
o

o
(]

i } {

0 1 2 3 4 5
Number of diabetes healthy behaviour goals met

MRC | Medical Research Council Source: Simmons et al, Diabetologia 2006



Comparison of risk groups

Inc/ PAF NNT NNT

Risk factors Number  Cases 1000pyrs (%) (58%) (20%)

14227 284

Sedentary (58%) (69%) 4.21 27 410 1188

Sedentary, family history, >55yrs (83102) (S}/o) 8.03 4 215 623
Obese (BMI), family history, >55yrs (2112) (éf}o) 21.6 5 80 233
Sedentary, obese (BMI + WCQC), 86 12 32.6 3 53 153

family history, >55yrs| (0.4%) (3%)

Source: Harding A, et al Prev Med 2006

MRC | Medical Research Council




Contributions of prospective cohort studies

« Understanding the determinants of causes of chronic diseases

MRC | Medical Research Council



CE DA Centre for Diet and Activity Research
A UKCRC Public Health Research Centre of Excellence
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Consumption of a diet rich in variety is influenced
by social factors

Marital status and vegetable variety
1.0 -

0.5 -

0.0 n 1
-0.5 +
1.0 - +

Difference in vegetable variety (no.items/day)

-1.5 -

-2.0 -

-25 -

-3.0 -

3% 7 partnered Single Widowed Divorced/
Separated

MRC | Medical Research Council



EPIC-Norfolk results are contributing to evidence briefings
for policy makers

Multiple social ties and healthy
eating in older people

CEDAR

Centre for Diet and Activity Research
A UKCRC Public Health Research Centre of Excellence

Findings from the EPIC-Norfolk study www.cedar.iph.cam.ac.uk

- - Fully referenced and linked at
Evidence Brlefl October 2013 www.cedar.iph.cam.ac.uk/resources/evidence

Supporting an ageing population is a key health challenge for the twenty-first century. Around half of
those over seventy-five now live alone, and social isolation can affect their health. New research from
CEDAR is adding to understanding about the influence of multiple social relationships on healthy eating.

Healthy ageing: a public health priority

MRC | Medical Research Council



Financial hardship and cost of healthy eating

Financial hardships, diet & obesity CEDAR

Findings from the Wh Iteha” ” and Centre for Diet and Activity Research

E P I C— N 0 rfOI k Stu d ies A UKCRC Public Health Rfsearch Centre of Excellence
www.cedar.iph.cam.ac.uk

Fully referenced and linked at
www.cedar.iph.cam.ac.uk/resources/evidence

Evidence Brief 8, November 2014

ew research from CEDAR is showing that, beyond conventional indicators of socioeconomic status,
financial hardship at all levels of society can affect people’s diet, health and weight. With financial
uncertainty affecting people in different ways, what does this mean for strategies to promote healthy weight?

Source: Conklin et al, BMC Public Health 2013

HOME

Healthy diet costs three times that of junk food

Healthy foods cost three times as much as unhealthy foods, according to a Cambridge
niversity study showing a widening gap in the costs between junk foods and fine fare

MRGH{EMedcaliResearchiCouncil Source: Jones et al, PLoS One 2014



Cycling is influenced by factors beyond our
individual control

MRC | Medical Research Council
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Non-home takeaway food exposure

Participants exposed to:

« 32 takeaway outlets on average

« up to as many as 165 outlets

« majority of outlets at work.

Centre for Diet and Activity Research



Evidence for environmental effects

Environmental Difference in takeaway food
exposure consumption (g/day) relative to Q1
Q1
Q2
Q3 = *
Q4 - t +5.7 grams
6 -4 -2 0 2 4 6 8 10
Environmental Difference in body mass
exposure index relative to Q1
Q1 .
Q2 T
Q3 —— K
Q4 - t  +1.2 units

0.8 -0.4 0 04 08 1.2 1.6 2.0

Centre for Diet and Activity Research Source: Burgoine et a/l BM] 2014



Contributions of prospective cohort studies

« Evaluating the impact of interventions

MRC | Medical Research Council



Evaluating the impact of interventions

Alternative cohort designs recruited on attendance at
health care — e.g GPRD in the UK

Useful for investigation of some forms of question

Limited by confounding particularly confounding by
indication

Limited utility in investigating disease aetiology unless
assessment of risk factors is universal and standardised

Randomised designs ?



Evaluating ways of communicating information about
health behaviours, risk factors and disease risk.

Simple

Feedback on your physical activity level

What is physical activity?
Physical activity involves moving your body and using enough energy to make you
breathe more deeply than usual and feel warmer.

This includes everyday activities such as walking, housework, gardening, playing with
children, washing the car, climbing stairs, dancing, and all types of exercise and sports

What are the health benefits?

As well as helping to control weight, it has been shown that increased physical activity
reduces your risk of diseases such as cancer, heart disease, diabetes and stroke. ltis
also thought to help ease stress, anxiety and depression.

The goverment recommends at least 30 minutes of moderate physical activiy (e.g.
brisk walking) at least five days per week. However, more is always better, and even
very smallincreases in your level can make a difference to health

How has my physical activity been measured?
In this study, your overall physical activity level (PAL) has been calculated from your
heart rate and movement during the week you wore the Actiheart monitor.

My physical activity level (PAL)
During the week you wore the monitor, 1 63
your PAL was recorded as:  mmm—g— .

We have provided a reference table for you below:

Data from many different studics have been wsed to give the following
Feterence vatoee for physical <ty evein. Ihose valoos are ke on

i reculrements an 25 stch are only rough extimatee.

Lessthan 12 | Bed rested.
Most likely when in care of others
‘ 12-155 Low activity level.
Sedentary lestyle
155171 et

Occasionally active. Typical office work

171-1.95 High activity leve.
Some macual work sndfor reqular exercise

i activity level:

Greaterthan | Very
7.95 a

mount of manual work or exercise training.

Reterence valves for PAL (FAG/WHO/UNU 1985

MRC | Medical Research Council

Visual

Your personal physical activity printout

Please find below a personal printout of your daily heart rate and movement. These
were recorded for each day that you wore your Actineart monitor.

The red trace shows your heart rate and the black blocks show measurement of
movement. The date for each record is also displayed. Some people find it interesting
to recall certain activities they did that day, and match them up with peaks or troughs in
their heart rate or movement

Examples from other volunteers

The examples below show printouts of each level of physical activity described in the
reference table (page 1)

The examples are taken from a selection of volunteers. Each separate graph
represents a single day of measurement, and is taken from a different person to show a
heart rate and movement pattern typical of that activity level.

‘You might find it useful to compare your personal daily graphs to these examples.
Higher levels of physical activity are indicated by a high or varied heart rate or more
black areas.

Steady heart
rate during
sleep.

PAL Example

Bed-rested \
wess w12 (R NEEES
\

\ ]

Low \ |

(12-155) SR T Y o
[

A iy High heartrate
and movement
aring 2 jog
Medium I Sy )
155-1.71 NGA.

High
(1.71-1.95)

Very high [ i |
(Greater than
1.95) lﬁ;mm%j Sﬂ fj :iw.)

/ ddracs
shows the
Th black blocks heartrate
show measurement
of movement

Contextualized

How can | increase my physical activity level (PAL score)?

Examples of what you can do to raise your physical activity level are shown in the table
below. This tells you how much time you need to spend doing any one of these types of
activities in a day to increase your daily PAL score by either 0.1 or 0.2 points:

Activity 0.1 PAL points 0.2 PAL points
Moderate housework 35 minutes 1% hours
Brisk walking 30 minutes 1 hour
Leisurely cycling 20 minutes 40 minutes
Light jogging 15 minutes 30 minutes

Jenny’s experience

When Jenny received her feedback, the results showed that she had a physical activity
level (PAL) of 1.4. She was surprised to find that this indicates a low level of activiy.
Being a busy parent who was often exhausted by the end of the day, she considered
herself o be fairly active, and was disappointed about her result

Understanding the result

When she thought more carefully about the main things that kept her busy, however,
she realised that they didn' involve much body movement or change in her heart rate
or breathing. She noted down her daily activiies for a week, and found that her typical
day would be spent working at her desk in the offce, driving the kids about, catching up
on paperwork at home, making important phone calls, and organising her schedule.
Although she was tired, she realised that it was often from having so much to think
about, rather than from any physical activity.

Setting goals

Jenny decided that she would like to increase her level of physical activity in stages
Her first goal was to move from a low to a medium level, which meant increasing her
PAL from 1.4 to at least 1.55. After some thought, she decided to set her target PAL at
1.6, which she felt was a manageable level

Making changes

From the table, she chose an activity that she felt she could build into her daily routine,
which in her case was walking. To reach her target of 1.6, she needed to increase her
score by 0.2 points. According to the reference table, this was equivalent to an hour of
brisk walking a day. As Jenny’s office was roughly a half-hour walk from her home, she
decided to start walking to work and back instead of driving. She bult this up gradually
and kept a record in her calender of what she was doing and how she was getting on.
During the first week, she only walked on Tuesday and Thursday. By the fourth week,
she was walking to work four or five days a week, and feeling much better.

Source: PLoS One 2013;8:e75398



Impact on cardiovascular risk factors

Variable name Statistics for each variable Standard difference in means and 95% CI
Standard diference sg  variance 2" PP Zyalue Pvalue

Total counts 0.086 0.147 0022 -0202 0.374 0584 0.559 —i—

10-year CVD risk -0.155 0.146 0.021 -0441 0.132 -1.060 0.289 i

Weight 0.065 0.147 0022 -0224 0.353 0441 0.660 :E:

Body fatpercentage  0.063 0.147 0022 -0226 0.351 0427 0.670

Systolic blood pressure 0.224 0.148 0022 -0065 0513 1516 0.129 L

Alcohal intake -0.033 0.166 0.027 -0.35 0.291 -0202 0.840 —a—

LDL 0429 0.149 0.022 0137 0720 2882 0.004 ——

Triglycerides 0.071 0.147 0022 -0217 0.359 0482 0.630 —i—

Fructosamine 0.207 0.147 0022 -0.08 049% 1407 0.159 B

Fasting glucose -0.024 0.147 0022 -0312 0.264 -0.164 0.870 :::

2-h glucose -0.022 0.147 0022 -0.310 0.266 -0.151 0.880

Vitamin C -0.079 0.147 0022 -0.368 0.209 -0540 0.589 ——

Smokers cotinine -0.530 0.356 0126 -1.227 0.168 -1489 0.136 F L

Overall effect -0.061 0.043 0.002 -0.022 0.145 1442 0.149 »

-1.00 ~0.50 0.00 0.50 1.00
Risk factor worsening Risk factor improvement
favours control favours intervention

MRC | Medical Research Council
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Medical
Research

MRC Council

Using natural experiments
to evaluate population
health interventions:

guidance for producers and users of evidence

Craig et al., MRC 2011; Craig et al., J Epidemiol Community Health 2012



A natural experimental study of investment
in cycling infrastructure

B coT
. A1: Darlington & CCT

-

AG: Lancaster with
Maorecambe h

B12:Blackpoel . Bl York

B11: Southport -

& Ainsdale T~ JA2: Derby

-~

B10: Chester — —

-—

B2: Cambridge
/

B9- Stoke-on-Trent — 7

"
—

BS: Shrewsbury =

. B3: Colchester

B4: Southend
-

B7: Greater Bristol — — —

~ B5: Leighton-Linslade

.,

& !
- H hS
¢ B6: Woking A3: Brighton & Hove

A4 Aylesbury

CDT = ‘Cycling Demonstration Towns’, funded 2005-2011
CCT = ‘Cycling Cities and Towns’, funded 2008-2011

MRC | Medical Research Council

Source: Goodman et al., Soc Sci Med 2013



Changes in prevalence of cycling

Prevalence of cycling (%, 95% CI)

o0 Ratio-of-ratios relative to matched
group =1.09 (1.06, 1.11)
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Basic sciences Clinical sciences Social science and

‘ / public health

Prospective cohort study
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Disease Disease aetiology  Risk Disease Prevention Public health
mechanisms and pathogenesis  prediction prognosis  strategy policy
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Challenges of establishing new cohorts

« The challenge of size and level of detail
 The challenge of being scientifically inclusive

« The challenge of delivery of scientific outputs over a mixed time
horizon

« The challenge of the requirement for elapsed time

« Thinking about the scientific and health challenges of tomorrow
whilst using today’s assessment of risk factors

 The ethical, legal and social challenges of “broad consent” and
the protection of the utility of the cohort for the future, for uses
that can’t be predicted now

« Engaging the participants

MRC | Medical Research Council



The participants

« Priority setting

« Defining research outcomes
« Selecting research methods
« Patient recruitment

« Interpretation of findings

« Dissemination of results

MRC | Medical Research Council
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