
Sigma Nutrition Premium 

1 
 

 

Episode Transcript 

Danny Lennon: Hello and welcome to Sigma Nutrition Radio. This is episode 

472 of the podcast. My name is Danny Lennon, and with me is Dr. Alan 
Flanagan. Alan, how are you today, sir?  

Alan Flanagan: I'm very well. I'm very well.  

Danny Lennon: We have what I think what is going to be quite an interesting 
topic to explore. And certainly for people who are interested in getting the 

most they can out of reading nutrition research, or at least understanding 

sometimes why issues come up in certain types of studies, as we'll discuss. 

But this idea of food substitutions; and within that, we can also look at 

nutrient substitutions. We're going to look at some ideas around adjustment 

models in research. But really this idea of when we're trying to compare 
foods or we're doing a food substitution analysis, what this actually means. 

What this means for those of us just trying to read research and understand 

some of the implications from that, and then as we'll get to importantly what 
this concept isn't or how it can be maybe misunderstood. 

So first of all, maybe a place to get everyone on level footing. When we're 
thinking out of this basic concept of substitution, specifically in the context of 
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nutrition science and nutrition research, what would be a useful way for 

people to conceptualize this? What is an easy way for us to maybe first give a 
simple explanation of what we're trying to do or what this actually is? 

Alan Flanagan: Nutritional epidemiology is of course observational research. 

There is no intervention and the diet that is being assessed in a population of 
free living individuals who are going about living their life. And this obviously 

as an observational design is in contrast to what we could achieve with a 

randomized control trial where, for example, we could stipulate that group A, 
the intervention group, is going to consume a certain diet with certain 

characteristics; total energy intake and perhaps macronutrient 
manipulations or specific type of food-based diet. And of course, we could 

compare that to just a control of people eating their normal diet. But for a 

randomized control trial, we would want and expect that, for example, if the 
diet composition was different, total energy intake would be the same 

between the intervention and our control group because that would allow 

any outcomes to at least be inferred, to be independent of the effects of total 
energy intake. Whereas if we had an intervention group who consumed 400 

calories less than our control group and we were looking fasting glucose as 

an outcome and there was a better outcome in that intervention group, we 
would be unable to say that outcome was independent of, for example, the 

difference in energy and potentially weight loss. So that's obviously a 

principle that people would intuitively grasp when it comes to intervention 
trials. 

But with epidemiology, a similar conceptual principle arises. We want to, in 

observational research, seek to isolate the effect of an individual dietary 
component, either in nutrient or a food on a given outcome. And so the 

question then in terms of observational research becomes how do you 

separate the isolated effects of a single constituent nutrient or food from the 
effect of total? 

And this is where the importance of adjusting for total energy intake comes in 
for nutritional epidemiology. And it's important to note that with total energy 

intake, there are a number of factors that will obviously influence any 

individual's total energy intake. For example, their body composition or their 
total body size, their physical activity levels, sex, age and so all of these 

factors, are related to total energy intake. And so total energy in effect, 

becomes a proxy for all of these factors. And as a result, then total energy 
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intake is considered the best means to try to isolate the effects of a given 

nutrient or food, by adjusting for total energy, then the observed associations 
may be considered independent of total energy intake and then obviously 

those related proxy variables. 

But importantly, those proxy variables can actually be further adjusted for 
specifically. So we can include sex in our model. We can include physical 

activity levels. We can include BMI. So there are a number of strategies that 

exist for total adjusting for total energy intake. We don't necessarily need to 
get into them for today's purposes but this is really our point of departure 

that for nutritional epidemiology, to seek to isolate effects of individual 
components of diet or a nutrient or a food group or food, we want to adjust 

for total energy intake, which is analogous to controlling for energy intake 

between two groups in an intervention trial, i e. the intended effect 
conceptually is that the analysis outcomes will reflect the independent 

effects of that nutrient or food from the effect of total energy intake on that 

outcome. And then from there come these concepts like substitution that 
we're going to mainly focus on today. 

Danny Lennon: That really is important. So maybe I'll do a brief recap and 

then we can dive into some of those more nuanced points that you 
mentioned. So I think it really is maybe more intuitive for people to think of 

this in the context of a controlled feeding study. 

As one example of that, I'll give an example that Dr. Deirdre Tobias gave, 
because I'm going to mention another example she gave later that will be 

related to it. But if we can imagine setting up a trial where we're doing a 

controlled feeding study and looking at the impact of, let's say, egg 
consumption and we add a certain amount of egg to the intervention diet. 

Let's say we have to, by nature account for the extra calories at the very least, 

that is going to be in the comparison diet. And so we would have to have this 
same number of calories accounted for. So the background diet in each case 

would be the same calories and macronutrients typically, if we want to really 
control it. 

And then if we're adding egg to our intervention group then in the 

comparison group, to make sure that the effects we're seeing are not just 
down to differences in calories, we would have something of the same 

number of calories. Now, of course, what we choose to put in its place is 
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going to be quite important. It has some interesting implications and is what 

we're going to discuss a bit later on. But the idea here is that while that is 
quite obvious when we're thinking about this intervention, this is to some 

degree happening in nutrition epidemiology, although it's not often obvious 

to people. 

As again, Dr. Tobias has noted that this idea of substitution is implicitly 

happening in regression models, whether it's intentional or not. And so we're 

going to try and get into this specifically in the context of nutrition, 
epidemiology, and one of those aspects you mentioned. This idea of 

adjustment which we've mentioned on some previous episodes, and again, 
understanding this is really important because I think we can get the idea, 

okay, we're adjusting for these certain confounders, but that sometimes 

gives this idea that, "oh, let's just adjust for as many different possible 
variables as we can". And then that means that's the best adjustment to do 

without thinking the implications of doing different types of adjustments. 

And I think this is what we're really going to maybe try and explain in the 
context of substitutions within nutrition epidemiology. 

So of course, one of the most obvious and most common to do would be 

adjusting for total calorie intake. We want to make sure that the effect we're 
seeing is down to these changes in nutrients or foods, per se, the ones that 

we're testing rather than just a difference in overall calories. And so we can 

adjust for that using a certain model. 

And then there's all these other confounders and variables that we can also 

adjust for in different adjustment models. And then, of those that we choose 

are going to impact maybe how we interpret some of those results. Now, with 
all that said, maybe to backtrack and to start walking through, you 

mentioned this potential adjustment for calories, but in the course of let's 

say nutrition, epidemiology and looking at substitution this goes back 
number of decades, whether we're starting to be this focus on making sure to 

adjust for calories, we can also look at then the adjustment for 
macronutrients. 

Can you maybe walk through an example of these to highlight to people what 

does it mean in the context of epidemiology when we're adjusting for 
macronutrients? And what might be something that could make this kind of 

clear to us.  
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Alan Flanagan: Traditionally, most analyses at least the people will be 

broadly familiar with from nutritional epidemiology will typically take an 
exposure and divide it categorically into various levels of consumption. 

So we might have a low group... we might have that exposure, let's say red 

meat intake, divide it into fifths or quintiles of intake from lowest to highest. 
And a standard approach to analysis in nutritional epidemiology is we'll 

compare the group consuming the highest level of intake to the lowest level 

of intake on that particular outcome. 

And that type of analysis is itself informative, but it may not necessarily 

always represent the effects of changes in diet because one characteristic of 
diet and nutrition that we know is very well established is that total energy 

intake is an important factor. If people are going to eat less of a food, they're 

not simply just going to eat less. 

They're not just only going to remove a food or food group or reduce the 

nutrient in their diet without replacing it because they would be creating a 

big energy deficit. Of course, unless that was deliberate, but broadly 
speaking, so it becomes important then that we consider that although 

nutrients will have an effect in isolation potentially, and foods may have an 

effect in isolation, that effect is going to potentially be modified by what, in 
fact replaces a given food or nutrient in the diet. 

So if we're taking a population who consume high levels of saturated fat, let's 

take the finish example. In the 1970s, 23-24% of saturated of total energy 
coming from saturated fat. And again, total energy is always 100%. Okay? So 

we're now telling this population, we want you to lower this nutrient in the 

diet, but they're still going to make up a hundred percent of total energy from 
somewhere. What they replace that with, let's say they reduce that by 10%, 

what is going to replace that reduction in saturated fat? And those effects are 

very important for determining the magnitude of effect of a given outcome. 

So the original evolution of substitution models was focused on 

macronutrient swap. And this is something that I think will be more intuitive 
for listeners to detect and understand because total energy intake is always 

100%. And what macronutrient substitution models we're providing was a 

statistical technique to mimic a controlled intervention study or a controlled 
feeding, where you're looking to hold total energy intake constant, you're 
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also holding the balance of other macronutrients content, and you are 

manipulating macronutrient composition by swapping a certain percentage 
of one nutrient with another. And so what this is to keep the analogy of a 

randomized control trial alive from people's minds; imagine that we are 

doing an intervention trial, our intervention group, and in this trial, we're 
going to maintain participants in both intervention and control group at the 

same maintenance level of. So we are not intending that necessarily that 

there is an energy deficit or surplus, and we're going to randomize one group 
to consume a diet of 20% total fat., 40% carbohydrate and 20% protein. And 

then we're going to have our control group and we're going to make sure that 
they consume the same amount of protein. But we're going to have them 

consume 30% fat (20% protein) and the remainder to carbohydrate. So yes, 

there's going to be a difference in carbohydrate, but really what we're 
looking at in our intention in this analysis is to compare the difference 

between fat content of the diet. And so conceptually a macronutrient 

substitution model in epidemiology is seeking to achieve the same effect. So 
the application is a little easier to understand and what would happen here is 

in the model, total energy intake would of course be adjusted for, as we 

discussed, for the importance to create this isocaloric comparison. And then, 
adjusting for other components of the macronutrient composition. 

It would then be possible to model the effects of within that 100%, within 

that constrained total energy intake. What would be the effect of replacing 
5% of the energy in that total energy diet from saturated fat with 5% of 

energy from polyunsaturated fats? What would be the effect of replacing 5% 

from saturated fats with 5% from complex carbohydrates? And there are a 
range of analyses that have looked at these kind of comparisons. I think a 

really good example for listeners which we can link to was an analysis by Li 

and colleagues in 2015 in the Journal of the American College of Cardiology. 
And this was based on the big US cohorts: the Nurses Health and Health 

Professionals follow up study. And it was looking specifically at this 
substitution analysis of the replacement of saturated fat with other nutrients. 

And what's instructive is that in the main associations you could see, for 

example, the highest polyunsaturated fat intake was associated with a 20% 
lower risk of coronary heart disease. But when you looked at the substitution 

analysis, replacing 5% of energy from saturated fat with 5% of energy from 

polyunsaturated fat was associated with a 25% lower risk of heart disease. So 
the magnitude of the effect in the substitution models can often differ 

because now you're talking about the effects of these nutrients in relation to 
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each other, the substitution effects in the diet. So these macronutrient 

substitution models are more, I think, intuitive for people to understand 
because of the analogy that we can use to a kind of a randomized control trial 

where we're controlling for total energy intake and then we're looking at a 

discreet change in the composition of diet by modeling, in this case, in an 
epidemiological context, an isocaloric substitution, 5% of energy from one 

nutrient with 5% of energy from the other nutrient, while holding total 

energy intake constant and obviously in the context of the remainder of the 
diet, in terms of its macronutrient composition being held constant as well. 

So it's an approach that adds to the refinement of our understanding of the 
relationship between nutrients and gives us an insight into if a nutrient is 

going to be replaced or reduced in the diet, what do we ideally want it to be 

replaced? And conversely, if we're going to increase something in the diet, 
what might be better for it to actually displace from the diet for health 

outcomes? 

Danny Lennon: This really gets us to really important part of this 
conversation. And so far we've noted that yes, adjusting for total calories can 

be very important in nutrition epidemiology, you've now gone on, explained 

some of the background to looking at macronutrients. But of course we can 
also look at exposures similarly that are other nutrients or specific foods that 

may be our exposure of interest in these cases. 

And in a case where we have an exposure of interest being a specific food or 
nutrient, we need to think about this confounding by other foods. So when 

we make these comparisons isocaloric, therefore accounting for calories, 

then any of these additional dietary factors we control for are going to be 
important to how we then can go in and interpret those results. 

And so one of the examples I think I'll briefly give here one that I gave in our 

event recently in Berlin was actually one that Dr. Deirdre Tobias has given, 
and I think it's probably one of the best examples that I've came across of 

trying to explain this concept. And with her kind permission, I was able to 
present that same idea. 

But essentially what Dr. Tobias did was look at analysis done by Zhao and 

colleagues. And as part of an updated meta-analysis, they analyzed a cohort 
study, the at ATBC study. Here, they were looking at the associations 
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between daily egg consumption and then overall and cause specific mortality 

in this specific cohort. 

And so if you look at that study, you can go and see the results. You can look 

at the egg consumption in terms of per 50 grams per day of egg. And then you 

have your outcomes like all-cause mortality, cardiovascular disease, 
mortality, and within that there's three different models that you can look at 

the results. 

So these are different adjustment models that were used. The first one is just 
a simple age-adjusted model, and then the second and third model are multi-

variate adjustment models where a whole host of variables are accounted 
for. So if you were to go and look at them, one of the things you note and as is 

reported in that study, that using that second model where you adjust for all 

these different variables, you see a 6% increase in all-cause mortality, as an 
example. So hazard ratio of 1.06. And then for cardiovascular disease 

mortality, you'd see hazard ratio of 1.09 or 9% increased risk based on that 

model. And so that model accounted for a whole host of different factors. So 
adjusted for age, body mass cigarette smoking, a whole host of health 

markers like cholesterol blood pressure. Adjusted for calorie intake. So that 

was important again, so look accounting for overall calories and then it 
accounted for certain types of nutrients. Now, the only difference between 

that second model and then the third model was the third adjustment model 

they looked at was all of those same variables adjusted for, except also 
adjusting for dietary cholesterol, so everything else but just this addition of 

dietary cholesterol. 

Now, if you go and look at those results in that table, that once you have that 
just additional adjustment for dietary cholesterol, suddenly those hazard 

ratios change to from 1.06. To 0.91. So a 9% reduction in risk for all-cause 

mortality. And so the, at first you might think "what is going on here?" And 
this is where the devil is in the detail. And why understanding adjustment is 

so useful. So as Dr. Tobias put it, if we think of what it means to have that 
second adjustment model where you're adjusting for overall calories and all 

those other kind of lifestyle factors that would be akin to having an 

intervention comparison where the intervention food is going to be this one 
egg per day. And then you're comparing that to something of equal calories, 

but just not from an egg. So you're going to substitute in any food that is not 
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an egg, but of equal number of calories, and that is your that's what that 

model is achieving by adjusting for total calories in this case. 

And in this particular analysis, then you see that you get this 6% increased 

risk of all-cause mortality and 9% increased risk of cardiovascular disease 

mortality. Now, if we think of then, what is that third model doing? So in 
other words, adjusting for all the same variables as model two, but just 

additionally for dietary cholesterol. 

If we, again, equate that to this hypothetical intervention trial, what it would 
mean is having your intervention food as being this one egg per day on top of 

the baseline diet. And then in the comparison group, having an equal number 
of calories of a non-egg food. But that is from a cholesterol containing food 

because if we've adjusted for dietary cholesterol, those things would have to 

be the same. And as Dr. Tobias has excellently put this, how that might 
explain why we see now suddenly those all-cause mortality and 

cardiovascular disease, mortality results showing a decrease in risk from this 

one egg per day, once you account for dietary cholesterol, is that rather than 
"men who consume more eggs have this lower risk of mortality", what is it 

probably saying is that "men with this higher intake of eggs had a lower risk 

of mortality compared to those who were eating more meat and butter", 
because typically that's how you would get the same level of cholesterol 

when you're doing these adjustment type models. And so this is just one 

example of depending on what is adjusted for, not only influences the 
results, but also how we should interpret the what those mean in turn. And so 

I thought that was a really useful example of relating it back to what would 

these adjustment models mean in the context of a hypothetical intervention 
study of if we're going to have additional eggs in this intervention group, 

what is going to be the comparator in the control or the comparison group. 

Alan Flanagan: Moving from discussion of macronutrient based substitution 
models, which as we outlined are a lot more intuitive to interpret. They're 

also more straightforward as an analysis because total energy intake is 
constrained and the substitution is occurring within this conceptual 

isocaloric comparison. So there are less additional assumptions that are 

introduced in a macronutrient model, but from everything you've just 
outlined, I think most listeners can probably start to glean that food-based 

substitution models are inherently more complex. They introduce a number 
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of additional criteria that have to be considered, and they also introduce a 

range of different assumptions based on whether. 

For example, in that analogy to the trial, it was like we're creating a 

difference in the calories consumed. So there's an assumption that we're 

talking about non-egg calories, and then it's other cholesterol -containing 
foods. So there are these various additional assumptions that are being 

interpreted, and I think this is probably the one we'll spend a bit more time 

discussing today. Because it's quite obvious in the wider conversation about 
nutrition, a lot of the conversation on social media that these food-based 

substitution models are probably being interpreted in an overly simplistic 
way in many senses, and they seem to be presented and interpreted in this 

conversation is that it all just boils down to a straight substitution food, A 

versus food B. And if there's a lower relative risk after that substitution, that 
means food A is better than food B, or the inverse. And that's not exactly 

what a lot of these models are purporting to show. 

So compared to macronutrient substitution, foods have a number of 
complications. So one is that food groups themselves are broad. So there 

needs to be a lot of specificity. So if we're talking about a food group like 

dairy, for example you could do substitutions within the class of dairy 
products or you could be comparing dairy to other, as dairy does contain 

saturated fat. You could be comparing it to other sources of saturated fat. 

But are you comparing whole milk dairy or low-fat dairy? Are you comparing 
milk or yogurt? Are you comparing cheese? So there's a range of several 

different additional complications that are introduced because it's not 

simply just a macronutrient. Another is that the actual range of food intake, 
because total energy is constrained in individuals, that means that 

macronutrient intakes are typically constrained within individuals. 

And overall, average intakes of a population diet are, you say 15 to 17% 
protein, maybe 50% carbohydrate and 30 plus percent fat. So that is typically 

observed across factors that influence total energy intake, like body 
composition and otherwise. Food intake could be broader. Some people 

could consume more dairy than others. For example, some people might 

consume much more vegetables than others, so there's a broader variability 
and intake of specific foods or food groups than there is for macronutrients. 
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Another consideration then is that the actual amount of food and the types of 

foods selected for are also influenced by other health behaviors and 
behavioral factors that are then essentially incorporated into the additional 

assumptions of food substitution models. And these are often never 

considered. And so a lot of those principles I think you've already covered. Dr. 
Tobias's analogy between the egg substitution and the ATBC study and the 

analogy with the randomized control trial, i.e., You know caloric content of 

eggs needs to be accounted for. 

And then we've got the cholesterol content of other foods that is implicitly 

introduced into a substitution. And then of course, we have the range of 
foods being consumed. So obviously in that study, you're using the inference 

because of the Finnish population, would be that the primary contributors of 

non-egg cholesterol-containing foods would be beef and butter, for example. 
But that may not necessarily not be the case in another population because 

the background dietary pattern is going to matter. So I think before we move 

forward discussing food-based substitution models anymore, one point that 
I'd love for people to pin in their brain is that, the background diet, the 

composition of the diet in a given population is really important because the 

food substitution models are going to introduce assumptions that relate to 
that background diet that are really important to consider in addition to 

other behavioral factors.  

Danny Lennon: So a couple of those points you mentioned are worth 
revisiting one on, on just as you mentioned, the importance of that 

background diet in that example of that Zhao paper that we were just 

referencing. And part of that was doing an analysis of that cohort. And then 
they then included that in an updated meta-analysis. And when you look at 

that updated meta-analysis, and this is something again to give credit to Dr. 

Tobias for pointing out, is that when you look at the updated meta-analysis, 
you see a lot of heterogeneity there. 

And you see this difference in risk depending on whether you look at cohorts 
that were in the US in Europe or in Asia. So you see the highest risk of 

cardiovascular disease in US cohorts. So you get a relative risk of 1.08. 

European was a bit lower, so a bit more marginal, 1.05. And in Asian cohorts 
you see no association. 
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And so this heterogeneity or this difference based on maybe geographic 

location, this context could well be explained by that background diet 
because as you say if we're changing the egg consumption across these 

different regions, what is replacing the egg there is going to be wildly 

different or what people are going to be consuming instead is going to be 
different. 

And that might explain why there's these differences in risk as intake goes up 

or down. The other thing that I do want to revisit because I do think it's 
important that you brought up was this concept we've introduced of 

compared to what, or essentially a simplistic way of thinking when we're 
trying to think of the impact of a food or a nutrient, we have to ask what is it 

compared to, certainly, we've mentioned this in the podcast before, and this 

is part of the aspect of thinking about substitution in nutrition epidemiology, 
however, you noted that oftentimes this can be either misunderstood or 

misapplied to mean something that it's not. 

So to revisit that idea of what this concept of "compared to what?", what that 
concept is not. Could you maybe give people an example of where they might 

see this? And whether that's on social media, otherwise maybe misapplied of 

what we should be aware of this is not the correct way to think of this 
concept. 

Alan Flanagan: Probably the most common way I'm seeing this concept 

interpreted is as if it's a straight substitution; that if we model food A versus 
food B, food A replacing food B, and there is a lower risk that results, that 

means that food is better than food B, and we should be looking to remove 

food B from the diet but that's not necessarily the inference that should be 
derived from these models because it depends on nature of the foods being 

modeled and exchanged. So if, for example, we're looking at a contribution, 

I'm just using this as an example, it's not necessarily referring to a specific 
study, although there is one that I can bring into the mix. But let's say we're 

talking about protein from red meat for example. But we're talking about a 
population that consumes red meat maybe once a week or twice a week, let's 

say twice a week. And there's an analysis and it models the substitution of a 

serving of red meat with a serving of lentils. One, the actual serving size for 
those foods might actually be different and so they should in an ideal 

scenario for a food substitution, those foods should be consumed within 

reasonably comparable ranges. Otherwise you get an effective substitution 
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that can reflect the actual consumption pattern of a food that's highly 

consumed and frequently consumed, could actually end up having a stronger 
effect. 

So let's say in this analysis then, as we would probably predict this model of 

replacing some red meat with some lentils shows that there's a lower risk of 
heart disease, and everyone says "that's lentils better than red meat. We 

should replace red meat with lentils". But it, if that's not necessarily the case, 

because a valid interpretation could be that in that person consuming red 
meat once a week, they should just probably add a few servings of lentils to 

their weekly level of intake. So it's not mutually exclusive, and that's 
probably the most common way that I seem to see it interpreted. So there 

are a number of interpretations that we can make, and the actual serving of 

the foods is going to be important to how we would interpret it. 

In some cases it might simply be that someone is adding foods to their diet 

not necessarily entirely removing a food from the diet. And it shouldn't 

necessarily be interpreted to mean that outright one food is better than 
another. So here's an example of this; this is from the Daniel Ibsen paper, 

which really was quite technical in terms of food substitution models. 

But to simplify this example, they basically modeled the effects of replacing 
foods and they looked at poultry, white meat, chicken and red meat. And 

they modeled the comparison of substitution, a serving a week. of red meat 

or poultry, but not specifying the replacement foods. And in that context, the 
analysis for poultry didn't show any significant effect on risk of type two 

diabetes. 

The hazard ratio was 1.01 and the confidence intervals were 0.98 to 1.04. So 
this is unspecified. You could be left think there's no beneficial effect of 

poultry but then when they specified the substitution and it's replacing a 

serving of processed red meat with a serving of poultry, then it was 
associated with a lower risk of diabetes, a 7% lower risk of diabetes, one 

serving per week. 

But then of course that leaves additional assumptions in terms of the wider 

dietary pattern. We could reasonably assume that the characteristics of diet 

for people who consume poultry more frequently is different to that of 
people who consume processed red meat, not to mention other lifestyle 
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factors. The analysis attempted to then adjust further for those potential 

wider dietary correlates of those respective foods. Now in this particular 
instance, the actual hazard ratio, once other potential dietary confounders 

were included, was still in favor of poultry replacing processed dried meat. 

But the magnitude of that of that risk reduction had decreased. What they 
did in this study was they actually to make sure that the wider dietary 

patterns were not wildly different between people consuming poultry and 

processed red meat. They actually looked at those other characteristics for 
their distribution. 

Most papers that do substitution models don't actually do this. They don't 
seem to consider these wider dietary correlates of the two foods that they're 

substituting. So I think that there's two important points here to take home. 

One is that the interpretation that any food substitution model is just a 
simple straight swap of food A for food B is not entirely correct and in 

interpreting it as such, it's potentially leading to some misleading 

conclusions. So it could be additive for example. It also is not a straight swap 
that is independent of obviously total energy intake, which we would assume 

most analyses do consider and adjust for. 

But it also crucially, is not independent of the wider dietary pattern. So the 
magnitude of any effect of, for example in our lentil swapping for red meat 

example, then the characteristics of the wider dietary pattern associated with 

those consuming red meat versus those consuming lentils is going to be 
important in that analysis. 

And there are additional assumptions that will be made beyond just this is 

the effect of food A, replacing food B, because it's actually the food A, the 
effect of food A replacing food B, in the context of the wider dietary pattern 

associated with the consumption of those respective foods, and how well an 

individual study has gone to account for those potential wider factors. 

There are additional assumptions that are really important to bear in mind, 

and I think those are probably two of the most important. One is that 
interpreting it as just a straight swap that someone should just replace food A 

with food, B may not necessarily be an accurate interpretation. 
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And two, that substitution is not independent of the effects of the wider 

dietary pattern. And it's important that those are considered in an analysis 
and analysis is that don't necessarily do due diligence in, in seeking to 

account for these wider factors may end up with outcomes that appear to 

represent the effect of replacing one food with another, but in fact are 
inherently encompassing the potential for wider unaccounted for differences 

in the dietary patterns and the behavioral characteristics of people following 

those respective consumption patterns to influence the outcomes. 

Danny Lennon: It's worth noting that there is a very deep rabbit hole one 

could get into in relation to substitution analyses, statistical models, et 
cetera. Some of that is like really cool work. You mentioned the paper by 

Daniel Ibsen and colleagues. I will link to that in the show notes for those are 

particularly interested in those nitty gritty details of research methods and 
statistical analysis. 

In a similar fashion, there's been some really cool work from some of the 

causal inference researchers Georgia Tomova and colleagues published 
some really cool stuff recently. We won't be getting into that for the scope of 

this particular episode, but if people are interested, they will be linked in the 

show notes for you to go and read through if you're really into those details. 

But it is certainly worth flagging and before we start trying to pull this back 

to, okay, what are some core take away points on this concept for people 

who maybe aren't into statistics or even research methods who just want to 
get a better grasp of nutrition. That's what we're certainly going to come to. 

But one final, paper that I think is worth mentioning is one that you brought 

up in conversation we had off air in relation to the food substitution paper. 
Could you maybe just mention some of the important points and why you 

think that might be a useful one also to flag for listeners? 

Alan Flanagan: Yeah. There, there were a number of, I think obviously a lot of 
what we've just discussed there is quite conceptual, so what was really useful 

about that paper was highlighting by way of example, some of these 
concepts and bringing them to life. So for example, one point we just 

mentioned was that in a substitution model, then there are implicit 

assumptions that are introduced, whether someone's aware of them or not, 
one of which relates to diet. 
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And then of course, one may relate to behavior patterns because a food 

might associate with certain behavioral patterns in individuals. So as an 
example of each of these, let's start with the kind of behavioral factors. So 

one of the papers that was highlighted was a paper that group, the Harvard 

Epidemiology Group, had produced in 2016 Song and Colleagues, and it was 
"Association of Animal and Plant Protein Intake with all Cause and Cause 

specific mortality". 

And again, this is a really good example of a type of study where people take 
to social media and say, "look, they modeled the replacement of animal 

protein with plant protein. There was a reduction in risk. Plant protein is 
better. Get rid of animal protein, replace it with plant protein". But as the 

authors themselves highlight, that observed beneficial association with lower 

mortality by replacing animal with plant protein might not just be related to 
the protein content itself at all, but could relate to the behavioral lifestyle 

factors that accompany the substitution in terms of the characteristics of 

individuals who typically consume more plant protein, for example. So of 
course you can attempt to adjust for some of these in your model. You could, 

for example, adjust for physical activity levels or you could adjust for other 

non-dietary potential lifestyle covariates. But it may not necessarily account 
for the entirety of the healthy or health promoting behavior patterns 

associated with that type of food substitutions. So that relates to potential 

behavioral implications of a substitution and an analysis. 

But an example of an implication for diet, which I thought was really 

interesting, was a study in a Swedish cohort. And what this was highlighting 

was the real importance because recall that we said that the foods that we're 
looking at that are being substitution should ideally be consumed within 

reasonably comparable ranges of intake. Otherwise, you're potentially 

introducing an effect of consumption itself in terms of frequency or amounts. 
So this was an interesting analysis, which looked at the consumption of 

fermented milk, skimmed fermented milk compared to low fat milk. And it 
modeled the substitution of fermented milk. With low fat milk, and there was 

this enormous lower risk of stroke of nearly 70% when one serving a day of 

fermented milk was substituted for low fat milk. 

But again, the issue here was that the actual level of fermented milk 

consumption was a 10th less; was 10 times lower than the low fat milk. And 

so essentially there's not really, a meaningful substitution effect if we're 
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talking about one serving a day, which was what was modeled. Because if the 

consumption is that low, then the substitution pattern isn't really reflecting 
something that's particularly meaningful for day-to-day diet. 

And so that real, quite substantial, difference in the actual levels of 

consumption for both of these foods that were being modeled for their 
substitution, could also explain that really strong effect because you get an 

effect of the actual consumers, high consumers, in this case of low fat dairy 

simply replacing a food that isn't particularly consumed to any appreciable 
degree that a substitution model in fact makes sense. So that's just another 

example of some of the assumptions that are introduced. And although 
people could read that analysis and say it was one serving a day versus one 

serving a day, that's not really, in fact what's being compared to because it's 

not independent of the levels of consumption in that cohort. And so that's 
going to be a really important concept that people could generally think 

about if it's, like we talked off air beforehand... 

So let's say you've got a population consuming three eggs a week, and an 
analysis is replacing those eggs with chickpeas was associated with lower 

risk. But given, if we're talking about a traditionally vegetarian population, 

for example, we could be talking about people consuming chickpeas every 
day versus three eggs a week. And so the interpretation in that context of 

replace eggs with chickpeas, which is basically the interpretation that most 

people are going for with substitution models, wouldn't necessarily entirely 
be the only valid interpretation in this context. 

So the actual levels of intake are really important. And a lot of analyses don't 

seem to, and this was one of the critiques of course in this paper was a lot of 
analyses don't really seem to attempt to keep the comparisons within 

relatively meaningful comparable ranges of intake. Yeah. 

Danny Lennon: And I think that's really useful, particularly when we're trying 
to look at epidemiology and then translate that to. Pragmatic takeaways 

either for public health level advice or even people making decisions about 
their individual diet. And you can run into issues pretty quickly if your 

interpretation, for example, that a good example you gave with the three 

eggs per week versus chickpeas was something someone was going to take 
at face value without thinking of some of these other considerations you 

flagged. 
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And so maybe as a way to round this out, we'll have some kind of takeaways 

on, on two sides. Generally, for people as they try and think about nutrition 
science and when they're reading that or coming to conclusions about 

nutrition epidemiology more broadly. And then also we can talk about, okay, 

going forward, what types of standards would we hopefully like to see in 
nutritional epidemiology? 

Because there's certainly cases where we could flag, where things could have 

maybe been done better that would maybe avoid some of these problems. 
So at this point we've said that. In nutrition, when we're thinking about the 

impact of either a nutrient or a food, we of course need to ask this question 
compared to what, but we need to understand what that means. 

And so when we're eliminating or adding a food to the diet, it's going to 

inherently displace others. And so we need to be able to account for that. In 
research and in nutrition epidemiology, we look to potential confounders 

and doing so is important. And this idea of substitution in epidemiology 

emerges typically as a consequence of adjustment models that are used. 

The most common we mentioned was adjusting for total energy intake. But 

there's a whole range of things we can adjust for and we have models, adjust 

for many different variables. But I think the point we're trying to get across is 
knowing what and how a study is adjusting for helps us to be able to 

interpret that more accurately and give us some pause. 

So when we come to some of these key takeaways, first of all, on the side for 
people listening now who are interested in nutrition, they're interested in 

nutrition science, they're reading research, they're coming across 

commentaries online about certain papers, and they're trying to make sense 
of that, what, at an overview level, is a couple of big takeaways that you 

would most like to reemphasize that we've brought up today that if people 

took nothing else from this episode, but a kind of few core ideas and to try 
and think about what would be the few that you would most like to impress.  

Alan Flanagan: Top line would be being mindful of the difference between a 
macronutrient based substitution model and food-based substitution 

models. And obviously as we've discussed, macronutrient based models, 

maybe somewhat more straightforward in their interpretation and of course 
their implications for what we're talking about in terms of say, replacing 
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saturated with unsaturated fat without necessarily discussing the sources of 

those foods. 

So I think be careful to distinguish between a substitution analysis that's 

looking at macronutrients versus that's looking at foods. And then flowing 

from that, be mindful that where it's food-based substitution: One, this is still 
an emerging area of nutritional epidemiology, relatively speaking in terms of 

the methodology being employed, the nitty gritty of the statistical models 

being used and their and what they show. 

But in effect, when we use that phrase, compared to what for food-based 

substitution models, I would implore people not to consider that as 
compared to what food A versus food B, which is largely how it seems to be 

being interpreted, certainly in the social media sphere. And that actually that 

question compared to what, once you've identified what those foods being 
modeled in the substitution analysis are, in fact you should take that 

compared to what question and really extend it to think what's the 

comparison in the characteristics of people who consume food A versus food 
B? What's the comparison and how do they compare in their wider dietary 

characteristics? 

What are the implications for this analysis? In terms of those dietary 
characteristics, comparing food A for food B, have those factors seemingly 

been accounted for and otherwise, so that, that would be really the kind of 

top line takeaway I'd encourage people to think about. Is that the "compared 
to what" really extends far beyond just the two foods that are being modeled 

in their substitution effects to all of these potentially additional dietary 

considerations and even potentially non dietary lifestyle or behavioral 
considerations that associate with the pattern of consumption of food A 

versus food B. 

Danny Lennon: I think that's an excellent takeaway and might be a good 
place to, to round this out unless there's anything that we have forgot to 

mention here that you'd particularly like to put on people's radars. But I think 
that's a really good point to leave people on and if they took that we'd be 

doing a good job. Okay, so for everyone listening, I hope you found this 

interesting and you do enjoy these episodes where we get to dig into 
nutrition science a bit more deeply. If you are a Sigma Nutrition Premium 

subscriber, then remember you'll get an accompanying set of detailed study 
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notes where many of these ideas will be fleshed out a bit more with some 

explanations that will hopefully add some context to it and allow you to 
understand them a bit better or even serve as just a quick grade to a revise so 

you can get that. You'll also be able to get a transcript if you wish. And that is 

it for this episode. Me and Alan, we're back with another episode very soon. 
For those of you in the UK we're also going to be there very soon; 18th of 

March, you'll be able to find myself and Alan along with the wonderfully 

talented Dr. Nicola Gas live in London. So if you're interested in coming, 
check out the description to this episode and you'll see a link there. It'd be 

great to see you there. And yeah. With that, we will see you in our next 
episode. Until then, thank you for listening and talk to you soon. 


