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Learning objectives: to gain understanding of 

 

• the methods and tools that can be used to assess 
dietary intakes 

• dietary factors that are associated with T2D risk 

• cutting through dietary controversies 

 

 

 

 



MRC Epidemiology Unit 

“Diet” has multiple components & dimensions 

Micronutrients 

Macronutrients 

fats, 
carbohydrates 

protein 

Foods 
Drinks 

Dietary 
patterns 

Energy  
intake 

Quantity 

Quality 

Variety 

Meal 
frequency 

 Snacking 

 
Probiotics 

Cooking methods  

Cost, access 



Measuring diet– which method?  - fit for purpose 

Ease of Assessment 

P
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c
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List-recall method 

Food account method 

Inventory method 

Household record 

24-hour recall 

Weighed food records 

Food diaries 

Biochemical markers 

Doubly-labelled water 

Household level 

Subjective measure  

(self-reported, reported by others) 

Objective Measure 

Diet histories 

Food frequency questionnaire 

Food balance sheet 

Population level 

Duplicate diets; direct observation 



Dietary Intake Data 

Dietary 

Assessment 

Methods 
e.g. Recalls, FFQs 

Foods 
e.g. Type, brand 

Portion Size 
e.g. Amount, serving Nutrients 

Food 

Composition 

Database 

Dietary Assessment 

Data capture = “front end” Data analysis = “back end” 



Commonest subjective methods 

• Frequency of 
foods eaten 
habitually 

FFQ 

• Recall foods & 
portions from 
past 24 hours 

24h DR 

• Collection of 
diet data at 
the moment of 
consumption 

Diet 
Record 



Food Frequency Questionnaire 

 Used for capturing differences in habitual diet 

between groups of people over a long period of 

time 

 Is relatively quick to do; inexpensive 

 Predefined list of foods 

 What foods? How many? 

 How often? 

 (quantity?/composition?) 

 

 



Reporting of foods: FFQ 
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Notice the complicated structure of frequency & seasonal availability 

Example page of the EPIC FFQ 



24h Diet Recall 

 Recollection of all foods & drinks consumed in past 24h 

 From waking to sleeping; or  

 From first eating till last eating; or 

 From midnight to midnight 

 Interview vs. self-administered 

 Face-to-face vs. telephone 

 Interview techniques: probing, but non-judgemental 

 Knowledge of interviewer about: food preparation, 
product availability (brands) 

 Accuracy is improved by multiple (preferably) non-
consecutive recalls 

 

 

 

 



The 24h DRs in EPIC were self-administered 

Example of an EPIC 24hr Diet Recall 



24h DR – portion estimation 

 Household measures (cups, bowls, spoons etc) 

 Ruler 

 In handfuls 

 Photographs 

 Food models 

 Description by the participant in brand-specific / 

product-specific sizes  

 Weighed 

 



 

Food Photographs  



‘diaries’ 

Diet/Food Records 



Food record 

 Record at time of consumption – not by memory 

 Training/explanation necessary 

 Using portion estimation tools similar to 24h DR 

 Might change participant’s diet  

 

 



‘Train your participant’ 

‘the husband’ ‘the wife’ 



Variation in consumption by day of week 

EPIC-Norfolk Study, UK 



Comparison with FFQ 

 Collection of actually 

consumed foods & their 

quantity 

 Data: absolute  

 Open ended – capture 

diversity 

 More expensive 

 Takes longer (esp 

record) 

 Collection of 

participant’s perception 

of “habitual” food intake 

 Data: relative (ranking) 

 Set number of questions 

 Less expensive 

 Takes short time 

 

24h Diet Recall, or food record FFQ 



Challenge: Measurement error; validity 

There will 

always be error 

in dietary 

assessments. The 

challenge is to 

understand, 

estimate, and 

make use of the 

error structure 

during analysis 

This Photo by Unknown Author is licensed under CC BY-NC-ND 

Mis-reporting 
Under-reporting 
Over-reporting 

http://nataliewarnert.com/personal-retrospective/
https://creativecommons.org/licenses/by-nc-nd/3.0/
https://creativecommons.org/licenses/by-nc-nd/3.0/
https://creativecommons.org/licenses/by-nc-nd/3.0/
https://creativecommons.org/licenses/by-nc-nd/3.0/
https://creativecommons.org/licenses/by-nc-nd/3.0/


Challenge: Bias 



Challenge: Food Composition Databases 

 Relevant to target population 

 e.g. For a study in India; 

 use database specific to India 

 Soil/climate 

 Food fortification 

 Traditional foods 

 Manufactured foods  

 Coverage of foods and drinks 

 Coverage of nutrients  

 Missing values 

 Up-to-date ? 

http://www.fao.org/fileadmin/templates/food_compositio

n/images/FCD.pdf 



Dietary Assessment Technologies  



Existing automated tools 

intake24.co.uk/ 

asa24.nci.nih.gov/ 

Research and surveillance  Consumer use 

myfood24.org/web/ 



Objective measurement using nutritional 
biomarkers 

• Biological markers in biological specimens such as blood 
or urine that reflect intake sufficiently closely to act as 
objective indices of true intake 

• Biomarkers of intake vs status 



Odds ratios of diabetes by quintiles of fruit & vegetable intake and by quintiles of plasma vitamin 
C level 

.2
.4

.6
.8

1

O
d
d

s
 r

a
ti
o
 o

f 
d

ia
b
e

te
s

1 2 3 4 5
Quintile

Plasma Vitamin C

Fruit and vegetable intake 95% Confidence interval

Harding, Forouhi et al, Archives of Internal Medicine 2008 

Nutritional biomarker: plasma vitamin C as a 
marker of fruit & vegetable intake 

http://images.google.co.uk/imgres?imgurl=http://www.wellness-junction.com/wp-content/uploads/2008/01/503410975_8a6fd9a4f6.jpg&imgrefurl=http://www.wellness-junction.com/category/exercise-fitness/&h=375&w=500&sz=130&hl=en&start=18&sig2=A2lc0JJm8loGtk5g_5Rdag&um=1&tbnid=8hm7kva9TnHwRM:&tbnh=98&tbnw=130&ei=kfVsSOfNN4qOwQHf1-iQBA&prev=/images%3Fq%3Dhealthy%2Bbreakfast%2B%26um%3D1%26hl%3Den%26sa%3DG


Nutritional biomarker: Is sugar intake related to 
obesity? 

Self-reported sugar intake 
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‘True’ sugar intake – measured with biomarker 

2 

1 

Bingham S 2007 

Quintiles 



Appropriate assessment methods: DAPA toolkit 
www.measurement-toolkit.org 

https://www.nutritools.org/ 

https://dietassessmentprimer.cancer.gov/ 



Diet & health: Dietary guidelines 



Popular dietary “guidelines” 



• Weight control 

• What is the best diet? 

• Nutrients vs. foods 

• Fats / Carbohydrates 

• Food groups 

 

 

 

 

Dietary priorities: from controversy to consensus 

“Diet” has hundreds of components – this lecture cannot cover every dietary 

factor …. 



#1. Weight/obesity: calorie control 

Energy In 
(Intake) 

Energy  Out 
(Expenditure) 

Obesity Type 2 diabetes 

A calorie is a calorie 

Chan Diabetes Care 1994; Colditz Ann Intern Med 1995 



Energy (calorie) restriction works… 

For 
• weight loss 
• prevention of 

weight gain 



Lean M. The Lancet, 2017 

For 
• remission of T2D 





Tobias DK et al; Lancet DE, 2015 

53 RCTs; n=68,128 

Low-fat vs low-carbohydrate intervention 

#2. Weight loss: 
Which diet? 



Johnston B, JAMA 2014 

48 RCTs; n=7286 
overweight/obese 

Which diet works best for weight loss? 



Diet 

Obesity 
Type 2 

diabetes 

Diet, obesity, T2D: complex influences  
in the long-term 



#3. Foods and development of T2D 

Ley SH et al Lancet 2014 

+ Overall dietary patterns 



• EPIC-InterAct 
• Nested case-cohort study 
within EPIC Europe 
 

• Large 
 N=340,234 at baseline 
12,403 incident cases of T2D 
 

• Long follow-up 
•3.99 million person years 
 

•Data on diet - FFQ 
• Exposure heterogeneity  

Langenberg C et al, Diabetologia 2011 



http://www.inter-act.eu/index.php


T2D associated with one serving [336g (12 oz)] change in the 
consumption of types of sweet beverages: HR & 95% CI 
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Sugary drinks: probing deeper - 7-day diary data 

• Wider variety of drinks 

• Soft drinks, ASB, fruit juice 

• Sweetened & unsweetened tea, coffee 

• Sweetened milky drinks 

 

Diabetologia 2015 

• How does substituting alternative beverages 
for sweet beverages influence  future T2D? 



2015 

17 cohorts; >10m person years; 38,253 T2D cases 

SSB -> T2D risk; ASB/FJ – not optimal alternatives 

SSB 8-10% (2m) T2D cases in USA; 3-5% (0.8m) in UK 



Convinced by the evidence? 

“Gavin Partington, director general 
of the British Soft Drinks 

Association, said: ‘This is a health 
campaign statement 

masquerading as an academic 
study…”  



• The average intake across the UK population of 
free sugars should not exceed 5% of total 
dietary energy intake for age groups from 2 
years upwards 
 

• The consumption of sugar-sweetened drinks 
should be minimised in children and adults  
 
 

UK– National guidance: SACN report, 2015  

2016 



Meat intake and diabetes: InterAct 

Red meat 

Per 50g/d 

Processed meat 

Per 50g/d 

Diabetologia, 2013 

12,403 T2D cases 

Overall

Sweden
Germany

Denmark

France

Spain
Italy

Netherlands
UK

  1.5 1 2

Hazard Ratio (95% CI)

Overall
Denmark

Spain

Germany
Netherlands
UK

Sweden

Italy
France

  1.5 1 2

Hazard Ratio (95% CI)

1.10 (1.04 – 1.15) 
1.13 (1.04 – 1.22) 

(I2=4.7%; p=0.39) (I2=.37%; p=0.13) 

Habitual intake; adjusted analyses 

http://www.google.co.uk/imgres?imgurl=http://topnews.net.nz/data/red-meat.jpg&imgrefurl=http://topnews.net.nz/content/220857-red-meat-consumption-pushes-stroke-risk&usg=__QUT3rS9K_QqdqEBB98rfa0iOPCE=&h=411&w=482&sz=213&hl=en&start=9&sig2=h0EzpFnmlFGCTJw7D_I4_Q&zoom=1&tbnid=zjErdkmCgsIvBM:&tbnh=110&tbnw=129&ei=du1MT6q5J9KU8gPCvN3qAg&prev=/search?q=meat&hl=en&gbv=2&tbm=isch&itbs=1
http://www.google.co.uk/imgres?imgurl=http://www.buckinghampost.com/wp-content/uploads/2012/01/jiu_rf_photo_of_deli_meats.jpeg&imgrefurl=http://www.buckinghampost.com/2012/01/16/processed-meat-linked-to-pancreatic-cancer/&usg=__rs_B5CAfFUbGbEss8aG-96SVCMs=&h=374&w=550&sz=207&hl=en&start=7&sig2=DXtBnVc-6D0Pxh6yepUw7g&zoom=1&tbnid=oywoLaHfjVCmjM:&tbnh=90&tbnw=133&ei=2O1MT5L0F8Wd8gOxvtW-Ag&prev=/search?q=processed+meat&hl=en&gbv=2&tbm=isch&itbs=1


Dairy products and T2D 

Total dairy products 

Comparison of highest vs. lowest fifths of intake (g/d) 

Model 3: Adjusted for centre, age at recruitment, sex, BMI, educational level, smoking status, physical activity 
level, alcohol intake, intake of energy and energy adjusted intake of fruits plus vegetables, red meat, 

processed meat, sugar-sweetened soft drinks, coffee, cereals, and cereal products.   

http://www.inter-act.eu/index.php


Dairy products and T2D 

Combined fermented 
dairy products intake 

http://www.inter-act.eu/index.php


The great fat debate: SFA and T2D 

Micha & Mozaffarian. Lipids 2010 

#4. A closer look at nutrients: Fat intake  



Probing deeper – can biomarkers help? 

Biomarkers 



Biomarkers: Plasma phospholipid saturated fatty acids & T2D 

Forouhi NG et al, 
Lancet_DiabEndocrinol, 2014 

Even-chain fatty acids 

France 

Italy 

Spain 

UK 

Netherlands 

Germany 

Sweden 

Denmark 

Overall 

Odd-chain fatty acids 

France 

Italy 

Spain 

UK 

Netherlands 

Germany 

Sweden 

Denmark 

Overall 

    1 .5 1 2 

Hazard Ratio (95% CI) 

Hazard ratio  (95%CI) 

1.43 (1.29 – 1.58) 

0.70 (0.66 – 0.74) 

SFA: 14, 16, 18 carbon atoms 

SFA: 15, 17 carbon atoms 

SFAs not all 
the same 

Need careful 
interpretation From the diet: 

dairy fat 

Complex:  
diet, metabolism 

12,403 T2D cases 8 European countries 
N=340,234 

Subcohort n=16,154 

http://www.inter-act.eu/index.php


 Fat is not just fat: not one homogeneous entity 

Total fat 

Saturated fatty 
acids 

(Cis) Unsaturated 
fatty acids 

Polyunsaturated 
fatty acids 

Monounsaturated 
fatty acids 

Omega-3 Omega-6 

Trans (unsaturated) 
fatty acids 

Odd-chain 

Even-chain 

Very-long-
chain 



1. Not all fat is the same 

Not all fat is “bad” 

There are “good” fats & “bad” fats 

Type of fat matters 

LEARNING POINT: 
 

2. Subtype of fat 

matters 

3. What replaces fat in 

the diet matters: 
Substitution analyses 



#5. Carbohydrates intake 

Quantity: 
50% of daily 
energy from 

carbs 



Change in HbA1c (%units) 

After 3-6 mths of low-
moderate carb vs. 
high-carb diet 

After >12 mths of 
low-moderate carb 
vs. high-carb diet 

Snorgaard; BMJ Open Diab 
Res & Care 2017 



Carbohydrates Carb quality indicators 

• Whole grain or refined 

• Fibre 

• Glycaemic response (GI, GL) 

• Food structure: solid/liquid 

Quality/type 

GI = Glycaemic index 

GL = Glycaemic load 



Whole grain, fibre: important 

Aune D; Eur J Epidemiol 2013 

deMunter J; PLoS Med; 2007 

InterAct Consortium; Diabetologia; 2015 



Low-carb diets for T2D?  

Mozaffarian RS et al, Public Health Nutr 2013 

Choosing high quality carbs 

• Whole grain stamp OR ingredients 
list 

• Ratio of total carb to fibre 
• >10:1 = avoid 

• <10:1 = good choice  

• <5:1 = great choice (fewer options) 

Carbohydrate quality matters 
• Reduce refined carb foods 
• Consume whole grain & high fibre foods 

Huge interest; definitions vary greatly 
short duration trials 

Carbohydrate status Definition 

Very low-carb  
ketogenic diet 
(VLCKD) 

20–50 g/d or  
<10% of EI 

Low-carb  <130 g/d or 
 <26% of EI 

Moderate-carb  26%–45% of EI 

High carb >45% of EI 

Feinman et al. / Nutrition 31 (2015) 



Foods- more than the sum of the nutrient parts 

“Food matrix” 
 
Macronutrients 
Micronutrients 
Vitamins 
Additives 
Oher components 
Processing 
Cooking methods 
Probiotic effects 
Effects on 
microbiome… 



Dietary priorities for T2DM/cardiometabolic disease 

Mozaffarian; Circulation. 2016 

Dietary 
patterns 

Focus on foods 



Food choice: complex influences! 

Afshin A et al, The Handbook for Global Health Policy, 2014 

=--H 

Individual & societal 



Thank you 

 
 

 

 



(2) Type of replacement nutrient 
matters 

-20 -10 0 10 20

Change in CHD Risk for Each 5% Energy

* 

* 

Saturated to PUFA 

Saturated to Carb 

Pooled Analysis of 11 Prospective Cohort Studies 

Total of 344,696 individuals with 5,249 CHD events.  *p<0.05 

(Jakobsen et al, AJCN 2009) 



Fish intake 

• It is proposed that fish intake is likely to be beneficial for the prevention of 
type 2 diabetes, based on the benefits for cardiovascular health 

 

Meta analyses of fish and type 2 diabetes 



Fish and T2D: Location matters 

Per serving/week 

Wallin A Diabetes Care, 2012, 35: 

Per 100 g/d 

Wu HY BJN 2012, 107: 



Fish intake and T2D: diet advice 

• Findings for association with diabetes are different by 
geographic location 

• Why might this be?  

• Contaminants (e.g. methyl mercury) 

• Cooking methods  

• Confounding factors 

• More research is needed 

• Not ready for public health recommendations 
specifically on the benefits or harms of fish intake for 
T2D 

• Meanwhile – follow public health recommendations on 
fish intake for cardiovascular benefit 

‘To consume 1-2 portions of fish per week, one of which should be oily’ 
COMA report 1994, SACN, 2004  



Meat intake and diabetes: diet advice 

• Higher meat intake is associated with increased risk of 
T2D 

• Limitations of observational epidemiology are 
acknowledged 

 

• But, findings cannot be ignored 

• 33% of UK adults are high meat consumers (>100 g/d) 

 
Limit intake of red meat to 500g cooked weight a week and avoid 

processed meat  – World Cancer Research Fund (WCRF) 

http://www.google.co.uk/imgres?imgurl=http://topnews.net.nz/data/red-meat.jpg&imgrefurl=http://topnews.net.nz/content/220857-red-meat-consumption-pushes-stroke-risk&usg=__QUT3rS9K_QqdqEBB98rfa0iOPCE=&h=411&w=482&sz=213&hl=en&start=9&sig2=h0EzpFnmlFGCTJw7D_I4_Q&zoom=1&tbnid=zjErdkmCgsIvBM:&tbnh=110&tbnw=129&ei=du1MT6q5J9KU8gPCvN3qAg&prev=/search%3Fq%3Dmeat%26hl%3Den%26gbv%3D2%26tbm%3Disch&itbs=1
http://www.google.co.uk/imgres?imgurl=http://www.buckinghampost.com/wp-content/uploads/2012/01/jiu_rf_photo_of_deli_meats.jpeg&imgrefurl=http://www.buckinghampost.com/2012/01/16/processed-meat-linked-to-pancreatic-cancer/&usg=__rs_B5CAfFUbGbEss8aG-96SVCMs=&h=374&w=550&sz=207&hl=en&start=7&sig2=DXtBnVc-6D0Pxh6yepUw7g&zoom=1&tbnid=oywoLaHfjVCmjM:&tbnh=90&tbnw=133&ei=2O1MT5L0F8Wd8gOxvtW-Ag&prev=/search%3Fq%3Dprocessed%2Bmeat%26hl%3Den%26gbv%3D2%26tbm%3Disch&itbs=1


Whose food intake is different between 

weekdays and weekend days?   

 

Who eats out more than once in a 

week? who skips breakfast? 

 

Who cooks from scratch at least once in 

a week? 

 

Who consumed fish in the last 7 days? 

 

Who follows a special diet? 

 

Who takes supplements? 

 

Has anyone ever recorded their dietary 

intake?  

Dietary Assessment 



Total Fruit/Vegetables 

Green leafy vegetables 

Carter P et al, BMJ 2010 

http://www.google.co.uk/imgres?imgurl=http://www.us.ayushveda.com/wp-content/uploads/2009/10/Green-Leafy-Vegetables.jpg&imgrefurl=http://www.us.ayushveda.com/health-benefits-of-green-leafy-vegetables/&usg=__B06CYlUnMHyylIglFtX9ZP7I-mU=&h=300&w=300&sz=31&hl=en&start=9&sig2=fg8Z6a2-aozTUHcK4qa1Qg&zoom=1&tbnid=Yg06SbGXjGpkuM:&tbnh=116&tbnw=116&ei=o_hMT5y8GciX8gPy2MTOAg&prev=/search%3Fq%3Dgreen%2Bleafy%2Bvegetables%26hl%3Den%26gbv%3D2%26tbm%3Disch&itbs=1
http://www.google.co.uk/imgres?imgurl=http://www.goldeneagleconstruct.com/wp-content/uploads/2011/12/broccoli_vegetables-5560.jpg&imgrefurl=http://www.goldeneagleconstruct.com/&usg=__IKDM4VLH2FK63yNRWYrBvd9iEm0=&h=297&w=505&sz=60&hl=en&start=21&sig2=tgvygc9l_mQy6YeZrYGt6A&zoom=1&tbnid=RdeO0pIsEY9JpM:&tbnh=76&tbnw=130&ei=o_hMT5y8GciX8gPy2MTOAg&prev=/search%3Fq%3Dgreen%2Bleafy%2Bvegetables%26hl%3Den%26gbv%3D2%26tbm%3Disch&itbs=1
http://www.google.co.uk/imgres?imgurl=http://healthandfitnessnow.com/blog/uploaded_images/Fotolia_2930624_S-719460.jpg&imgrefurl=http://www.healthandfitnessnow.com/blog/2007/10/your-mother-was-right-eat-more-fruits.html&usg=__UtaZ6lQUymLp-Q2pofcIMMLKJJA=&h=552&w=870&sz=229&hl=en&start=4&sig2=0aTjZPJMwmxBNx99S8dxpg&zoom=1&tbnid=fg9aAbS0r-c-XM:&tbnh=92&tbnw=145&ei=NvlMT8eAPITR8gPEkOHRAg&prev=/search%3Fq%3Dfruit%2Band%2Bvegetables%26hl%3Den%26gbv%3D2%26tbm%3Disch&itbs=1


Fruits & vegetables: quantity & quality 

Diabetes Care, 2012, 35: 

Comparing extreme thirds (adjusted analysis, including 
quantity of intake) 

Total F&Veg: RR 0.61 (0.48 – 0.78) 
Fruit: RR  0.70 (0.53 – 0.91) 
Veg: RR 0.77 (0.61 – 0.98) 

http://www.google.co.uk/imgres?imgurl=http://healthandfitnessnow.com/blog/uploaded_images/Fotolia_2930624_S-719460.jpg&imgrefurl=http://www.healthandfitnessnow.com/blog/2007/10/your-mother-was-right-eat-more-fruits.html&usg=__UtaZ6lQUymLp-Q2pofcIMMLKJJA=&h=552&w=870&sz=229&hl=en&start=4&sig2=0aTjZPJMwmxBNx99S8dxpg&zoom=1&tbnid=fg9aAbS0r-c-XM:&tbnh=92&tbnw=145&ei=NvlMT8eAPITR8gPEkOHRAg&prev=/search%3Fq%3Dfruit%2Band%2Bvegetables%26hl%3Den%26gbv%3D2%26tbm%3Disch&itbs=1


Dairy intake & T2D: using 7-day food diary 

O’Connor et al Diabetologia 2014 

N=4,127 


