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Diet is a complex exposure

Where to start? 

What should be prioritized?

How to do it?

”I want to study diet as a risk 
factor for this disease”



Methodological considerations in nutritional epidemiology

1. Diet is a complex exposure. Nutrients, foods, dietary patterns... Which
exposure is relevant?

2. Large within-person day-to-day variation vs small between-person variation

3. We are all exposed to some extent. Which level is associated with health
effects?

4. A larger person with high physical activity needs more energy. How can we
separate the effect of energy intake from intake of nutrients/foods?

5. How can we measure diet with high precision? Can we use objective markers?

6. How can we deal with change in food habits over time?

7. How to deal with misreporting?

8. Dietary habits is part of a whole lifestyle pattern. How can we seperate the 
effect of diet from other lifestyle factors? 



Background to the paper
• Whether high consumption of dairy products is related to 

longevity is still unclear. 
• Because dairy products differ in their composition and 

processing (e.g. fermentation) it is important to examine 
them separately.

• Substantial heterogeneity driven by sex, country and 
study quality has been shown when examining the 
association between non-fermented milk consumption 
and mortality.

• Additional studies of prospective cohorts with high-
quality dietary data from populations with wide 
consumption ranges of diverse dairy products are 
required. 

• For example, studies examining the risk with very high 
intake levels (i.e., more than 1 liter of milk per day) are 
lacking.



Nutrients

Foods

Food pattern

Diet can be studied on different levels

Vitamins
Minerals

Fat
Carbohydrates
Protein

Nutrients can be 
directly related to 
biology. Rely on 
food composition
database. 

Foods is not fully 
represented by 
nutrient 
composition. How 
to group them?

Try to take the 
synergy of 
nutrients/foods
into account. More
than the pieces. 
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Nutrient databases are used to calculate nutrient intakes

IN
100 g pizza

OUT
Nutrient content 

Room for 

errors…



Long-term diet is the relevant exposure

• Large day-to-day variation, but underlying
consistent pattern

• Degree of random variation differs according to 
nutrient
• Energy and macronutrients have least degree of day-

to-day variation
• Micronutrients tends to be concentrated in certain

foods and have larger day-to-day variation

• A single day provides poor estimate of a person´s
true long-term nutrient intake, but average of 
multiple days will improve the estimate

Willett, Nutritional Epidemiology 2013

Daily intakes for three women at the 10th, 50th, 
and 90th percentiles of distribution for fat intake (A) 
and vitamin A intake (B). 



Number of days depends on degree of accuracy needed
and the variability of the nutrient



• We have to have a variation in the population, and we need to have
an instrument that can measure diet and can discriminate among
subjects

• We have to mainly rely on self-report instruments, which introduce
measurement errors

• It is difficult to measure diet, but it is not impossible

• Many aspects of diet can be measured with sufficient accuracy to 
provide useful information



Type of method

Gives 

information 

about

Food frequency 

questionnaire 

(FFQ)

Retrospective Usual diet 

(long-term)

24-hour recalls Retrospective Current diet 

(short-term)

Dietary records Prospective Current diet 

(short-term)

Dietary assessment methods

Describe your food intake during the last 24 hours
+ Very detailed
+ Less cognitively challenging (relies on short-term 
recall)
- Need more than one recall to capture usual intake

How often did you eat certain foods during the 
last year? 
+ Captures irregular consumption 
-Difficult to remember what you ate
-Many foods are not included in the questionnaire/
lack of details

Write down everything you eat during several days
+ Very detailed information
+ Gives better estimation of absolute intakes
+ Cognitive aspects is not a problem (does not rely on 
memory)
- Registration may influence food habits



The ”best” dietary assessment method?

It depends on what we want to measure
→Do we want to describe mean intakes in a population?

→or intake in each of the individual?

→or study associations with disease?

7-21 days needed to rank individuals (depends on nutrient 
and population group examined)



Malmö diet and cancer cohort
Modified diet history method
• 7-day food dairy: information of the hot meals and cold 

beverages

• 168-item food frequency questionnaire
• intake frequencies and portion sizes
• Photo-aid for portion size estimation

• Interview



Dairy products
• Non-fermented milk (regular milk)
• Fermented milk (yoghurt and filmjölk)
• Cream
• Cheese
• Butter

19 years (0-24) of follow-up

7156 (27%) died26 445 individuals

1991-1996
2014



How was intakes of dairy products estimated?
7-day food record: dairy products in cooked meals, glasses of milk (as a 
drink) with a list of four types of milk with various fat content
FFQ: milk/cream in coffee, tea, chocolate milk, milk on cereals, porridge, fruit 
compote

Much more detailed questions compared to other studies!



We validate the diet assessment instrument: compare the diet method with the 
”golden standard” method (e.g. double labeled water for energy intake, or 
extensive diet records)

MDC validation study

• The diet assessment method was compared against a reference method of 18-day weighted food 
records collected over 1 year among 206 individuals living in Malmö in 1984–85 (Elmståhl 1996)

• The diet method generally over-reported milk intake by 50% in women and 32% in men. Cream 
was over-reported by 22% in women and under-reported by 11% in men. Cheese was over-
reported by 9% in women and 12% in men. 

• The energy-adjusted correlation coefficients were as follows: 
• milk 0.83 (men) and 0.84 (women)

• cream 0.47 and 0.52

• cheese 0.47 and 0.59

Ranking of individuals is the most important!

How do we know that we measure what we want to measure?



Confounders High intake of non-fermented milk: higher BMI, lower number of women, lower educational 
level, and lower alcohol consumption
High intakes of fermented milk: lower age and higher educational level.





Why is it important to adjust for energy?

• Energy intake varies between individuals
• Variation is due to body size (affect energy needed for resting metabolic rate), 

metabolic efficiency and physical activity (+ weight change if not in energy
balance)

• Intake of most nutrients tends to be positively correlated with total 
energy intake

• Nutritional factors may be examined in terms of absolute amounts or 
in relation to energy intake

• Absolute amount will have less of an effect for a larger (thus higher
energy-consuming) person than for a smaller person





How to deal with misreporting?

• Excluding individuals who potentially misreport their energy intakes

• Excluding individuals reporting a substantial change in food habits before 
baseline

• After these exclusions (35% of the population): no major influence on HR

Intake categories

1 2 3 4 5 6

Non-fermented milk 1.00 1.03 (0.96-1.11) 1.07 (0.98-1.16) 1.06 (0.94-1.21) 1.13 (0.92-1.38) 1.38 (1.12-1.71)

Fermented milk 1.00 0.94 (0.87-1.01) 0.93 (0.86-1.01) 0.95 (0.85-1.06) 0.90 (0.76-1.06)





Which intake level is optimal?

Low intake range High intake range



Nutritional biomarkers

• Objective markers of dietary intake



Lactase persistence worldwide

https://lbc.msu.edu/evo-
ed/Pages/Lactase/anthro_biogeogr.html



Lactase persistence genotype as a marker of long-term adult milk intake





Biomarkers for dairy intake?

Dairy fat intake: concentration of 15:0 and 17:0 in blood or 
adipose tissue

Their findings do not support that dairy fat intake (even at 
high intakes in Nordic countries) might contribute to higher
risk of mortality



Conclusions

• Diet is a complex exposure. Studies of nutrients, foods, dietary patterns etc are all 
needed and relevant.

• Large day-to-day variation: to capture accurate intakes you need several days. 
There is a need to futher develop the diet assessment methods.

• To seperate the effect of energy from that of nutrients/foods, we should adjust
for energy.

• For a few nutrients/foods there are objective markers: these can be used in 
combination with self-report.

• Food habits should preferable be measured more than once. We usually have
same underlying dietary pattern.

• Misreporting is a challenge. Identify misreporters and exclude them. 

• Important to adjust for confounding. Conduct studies in populations with various
confounding structures.
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