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What We Know, Think We Know, or Are Starting to Know
Cardiovascular disease and type-2 diabetes [T2DM] are increasingly being referred to as 

‘cardiometabolic’ diseases. Cardiovascular disease risk has traditionally been assessed 
through impacts of diet on blood lipids, while metabolic diseases [T2DM and non-alcoholic 
fatty liver disease {NAFLD}] considered through impacts on blood glucose regulation and 
insulin function. 

However, the two have been increasingly recognised as inseparable given the overlap in risk 
factors, and ‘cardiometabolic’ risk is associated with a clustering of these factors: increases 
in liver fat deposition, insulin resistance in the liver, high circulating triglycerides [TGs], an 
overproduction of very-low density lipoproteins [VLDL], and remodelling of low-density 
lipoprotein [LDL] and high-density lipoprotein [HDL] into a more atherogenic profile* (1).
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*Geek Box: The Atherogenic Lipoprotein Phenotype
The ‘atherogenic lipoprotein phenotype’ is the technical term describing a particular pattern 
of blood cholesterol levels that is considered a significant risk for cardiovascular disease. The 
pattern includes high levels of triglycerides, high levels of LDL-cholesterol, and low levels of 
HDL-cholesterol. This profile is considered highly ‘atherogenic’, meaning it is implicated in 
the process of lipoproteins carrying cholesterol [i.e., VLDL and LDL] penetrating the arteries, 
leading to plaque formation, a process known as atherosclerosis. What it describes is a profile 
that looks like this:

-Low HDL: because HDL is needed to clear cholesterol from circulation, low HDL is problematic 
for heart disease risk. When excess TGs are offloaded onto HDL, HDL becomes broken down in 
the liver and removed from circulation.

-High LDL: all LDL particles, irrespective of size, are capable of penetrating into the arteries. 
However, in the ALP, LDL remodels into smaller, denser particles. They carry less cholesterol 
than larger LDL, but as more of them penetrate the arteries, they lead to as much cholesterol 
being trapped in the artery wall, generating atherosclerosis.

-High TGs: high triglycerides is important to the development of the ALP, as it is when HDL and 
LDL become overburdened with carrying TGs that they are forced to remodel.

Traditionally, cardiovascular disease [CVD] risk has been focused on high LDL alone, however, 
we now know the ALP phenotype is also a significant risk for CVD, and that indirect processes, i.e. 
the impact of refined carbohydrate/added sugars on liver fat accumulation, insulin resistance, 
and the resulting increase in circulating free fatty acids, and new triglyceride formation, are 
important factors, in addition to the impact of dietary fat on blood cholesterol levels. 
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The effects of diet on these risk factors – in particular dietary fat and carbohydrate – have also 
traditionally been considered as distinct: the influence of dietary fat on blood cholesterol, 
compared with the influence of carbohydrate and added sugar on liver fat, insulin resistance, 
and the synthesis of new triglycerides [known as ‘de novo lipogenesis’]. There is mechanistic 
understanding of the adverse cardiometabolic effects of high glycaemic carbohydrate intake, 
and controlled data supporting these effects (2). 

For example, we know that high intake of free sugars increases triglycerides in both the 
fasted and post-prandial [i.e., the period after a meal]  state (3). We know that a fatty liver 
generates insulin resistance in the liver, and leads to increasing levels of circulating free fatty 
acids [FFA] (1,3). We understand this increase in FFA in turn upregulates new TG synthesis, 
impairs the clearance of TGs from the blood in the post-prandial period, and elevated FFA 
also contribute to impaired glucose tolerance and insulin resistance (1,3). And we know that 
carbohydrate overfeeding increases de novo lipogenesis [per above, this is the creation of 
new fat from non-fat dietary sources] (1,4,9).

Figure taken from (1) illustrating the relationship between increased liver fat and 
“cardiometabolic disease”, i.e., type-2 diabetes (through fat spillover from the liver into 
the pancreas and subsequent beta-cell failure), cardiovascular disease (through the 

atherogenic lipoprotein phenotype), and liver disease.
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However,  we also understand that refined carbohydrate/added sugars do not act in isolation 
from the rest of the diet. Dietary fat may have negative effects on cardiometabolic risk through 
an interaction between the fat composition of the diet [saturated vs. unsaturated] and negative 
effects on blood lipids. After a meal, elevations in circulating fat occur in linear fashion relative 
to the fat composition of the meal (5). The fat content of the diet is also relevant, as saturated fats 
[SFA] increase abdominal fat deposition and insulin resistance relative to polyunsaturated fats 
[PUFA] (6). Elevated levels of blood lipids and high insulin levels are both increased in response 
to meals high in SFA (7), while PUFA improve blood glucose regulation, insulin secretion and 
sensitivity (8). 

So the potential impact of the type of fat and sugar on cardiometabolic risk is relevant, as 
they may differentially influence risk. However, to date no study appears to have compared 
the effects of overfeeding from saturated fat, unsaturated fat, or added sugars, to assess the 
contributions and impacts of the respective dietary constituents. 

The Study
38 overweight subjects [mean age 42; BMI 31; liver fat 4.7%] were randomised to one of three 
diet groups to be overfed by 1000kcal extra per day for 3-weeks from either predominantly 
saturated fat [SAT; N=14, 8 men, 6 women], unsaturated fats [UNSAT; N=12, 5 men, 7 women], 
or simple sugars [CARB; N=12, 6 men, 6 women]. In the SAT group, the composition of the 
excess energy was 76% saturated fat, 21% monounsaturated fat, and 3% polyunsaturated 
fats. In the UNSAT group, excess energy was 56% monounsaturated fat, 22% polyunsaturated 
fat, and 21% saturated fat, while in the CARB group the overfeeding came from 100% added 
sugars. 

Baseline liver fat was just below the threshold for early Fatty Liver Disease diagnosis [5%], with 
subjects relatively matched with 4.9%, 4.8%, and 4.3% liver fat in the SAT, UNSAT, and CARB 
groups, respectively. The study assessed changes in intra-hepatic triglycerides [IHTG] and the 
pathways contributing to IHTG, de novo lipogenesis [DNL], insulin resistance, the gut microbiota 
[i.e., what bacteria are present and in what quantities], endotoxemia [pathogenic products 
derived from gut bacteria] and ceramides [lipid molecules which induce insulin resistance]. 



06 www.alineanutrition.com

Results: IHTG increased by 55%  [from 4.9% at baseline to 7.6%] in the SAT group, while the 
CARB group increased IHTG by 33% [from 4.3% to 5.7%]. The UNSAT group showed the least 
effect, a 15% increase [from 4.8% to 5.5%].

De novo lipogenesis increased significantly in the CARB group compared to either SAT or 
UNSAT, an effect which would be anticipated based on previous research showing increased 
DNL from longer term carbohydrate overfeeding (3,9). The contribution of lipolysis [the 
breakdown of stored fats into free fatty acids] as a pathway contributing to IHTG was increased 
significantly only in the SAT group. Fasting insulin increased significantly in the SAT but was 
unchanged in the UNSAT or CARB groups. 

Insulin resistance increased by 23% in the SAT group, an effect which may have been 
mediated by a 49% increase in plasma ceramides. Ceramides are compounds synthesised in 
the body from saturated fatty acids that increase insulin resistance and interfere with blood 
glucose regulation. There is mechanistic support for how ceramides lead to insulin resistance: 
circulating ceramides lead to inhibition of the glucose transporter responsible for shuttling 
glucose into the cell, known as GLUT4, thereby reducing glucose uptake (10). The increase in 
plasma ceramides were not observed in either the UNSAT or CARB groups.

Endotoxemia was also significantly increased in response to the SAT diet compared to 
UNSAT or CARB. Endotoxins are derived from certain bacterial species, and increased levels 
of endotoxin in circulation are implication in metabolic disorders (20). Finally, populations 
of Proteobacteria – one of the 4 major ‘divisions’ of bacteria in humans, which contains pro-
inflammatory and pathogenic bacterial species – were also significantly increased in the SAT 
group, effects not observed in the other diets.  

Figure from paper illustrating the increases in liver fat from the three different diets, 
with the saturated fat diet (left, black bars), unsaturated fat diet (middle, white bar), 

and simple sugars diet (right, dashed bar). 
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The Critical Breakdown
Pros: This was a food-based intervention*, with diets provided to participants. Overfeeding 
in the SAT group came from 30g coconut oil, 40g butter, and 100g 40% fat blue cheese per 
day. The UNSAT group were overfed from 36g olive oil, 26g pesto, 54g pecan nuts and 20g 
butter per day. Overfeeding in the CARB group came from 280ml orange juice, 430ml sugar-
sweetened beverage, and 200g candy per day. Subjects had weekly dietitian contact to enforce 
compliance. The range of outcomes assessed is impressive; it appears to be the first trial to 
assess the effects of overfeeding from different nutrients on ceramides, insulin resistance, or 
the gut microbiota.

Cons: Food intake wasn’t monitored, however, fatty acid composition of VLDL triglycerides 
are a reliable reflection of dietary intake of fatty acids, and the study assessed compliance 
by monitoring changes in the fatty acid composition of VLDL, which indicated compliance. 
The method of randomisation is not mentioned, and thus potential for bias cannot be fully 
ruled out. 

*Geek Box: The Atherogenic Lipoprotein Phenotype

One issue facing nutrition is when the outcome of interest is a nutrient, for example saturated 
fat, or dietary sugars, is the way the nutrient or combination of nutrients is delivered.. In 
order to be specific with the quantity of the nutrient, or to isolate it from other nutrients, 
many controlled feeding studies have often used formulas. Interestingly, however, the 
altered digestibility of formulas does have implications for the findings. For example, in a 
comprehensive meta-analysis of 395 metabolic ward feeding studies looking at the different 
effects of dietary fat and carbohydrate on blood cholesterol levels, there was a difference in 
effect evident between studies which used liquid formulas compared to solids. In addition, 
people in the real world don’t consume formulas, they consume foods, and by focusing on food 
as the exposure of interest, it is the composite of the entire food matrix that will have effect, 
thus being more relevant to people’s exposures in the real world. The past decade or so has 
seen a dramatic paradigm shift in nutrition-science toward food-based interventions, which 
are inherently more relevant for the wider population. Of course, if you haven’t checked out our 
video lecture and long-form article on ‘Moving to a Food-Based Paradigm’, please do!
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Key Characteristic
The background diets. This study provides a strong challenge to the presumption that 
considerations for fat composition are less relevant in the context of low-carb diets. An 
argument that has become popular amongst low-carb advocates is that if saturated fats 
do have any negative effects, those are only manifest in the context of a high-carb diet, i.e., 
there is no potential negative effect in the context of a low-carb diet (13). In the supplementary 
data, diet compositions indicated that the SFA overfeeding group were consuming 60% energy 
from fat [32% SFA], 25% from carbohydrate and 15% protein. The UFA group consumed 60% 
energy from fat with similar carbohydrate and protein intake. The CARB diet consumed 63% 
energy from carbohydrate, and 23% energy from fat. Thus, the background diets to overfeeding 
from fat constituted a genuine ‘low-carbohydrate’ diet, by reference to the Feinman et al. 
suggested definitions, in which ‘low’ was <26% energy (13). 

One further key point: the food-based intervention. This strengthens the study as food itself 
is the exposure of interest in nutrition, rather than, for example, using formulas designed with 
specified amounts of the nutrient of interest. The recent emphasis on a ‘food first’ approach 
to interventions is warranted, and results more applicable, as people eat foods not nutrients. 

Interesting Finding
The gut stuff. No data on fibre intake was presented, and this would have lent some important 
insights into the microbiota-diet interactions found. Without turning this into a gut health 
article, let’s flesh out the interesting finding of this study with some microbiome context. At 
the broadest level there are 4 main divisions in the human gut, known as ‘phyla’: Firmicutes, 
Bacteroidetes, Actinobacteria and Proteobacteria. Firmicutes and Bacteroidetes contribute 
the majority of bacterial types, however, the balance of these ‘divisions’ is important: diets 
high in animal fat and low in fibre are associated with abundance of Firmicutes and lower 
Bacteroidetes (14). In this study, the baseline composition of the subjects indicated dominance 
of Firmicutes and lower Bacteroidetes. This characteristic is broadly associated with increased 
adiposity, and Western diets low in fibre and higher in animal fat (14). 
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Figures  taken from (14) indicating dominance of Bacteroidetes from high-fibre diet 
(A, top) and dominance of Firmicutes from Western diet (B, bottom). The first chart 

indicates dominance of Bacteroidetes from diets high in fibre and diverse plant foods.
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However, the finding of negative impacts on the composition of gut bacteria from a 
high animal fat intake is consistent with research in humans showing changes in the gut 
microbiota are driven by specific characteristics of fat intake, with a high animal fat intake 
generating increased bile acid production and levels of bile-acid tolerant bacteria, which 
are associated with inflammatory and carcinogenic processes in the colon (15,18,19). In 
this respect, fat subtype is important. In a human feeding study, an animal-based high 
saturated fat and no-fibre diet resulted in a rapid shift in the subject’s  to increased bile 
acid byproducts (16). Conversely, the evidence suggests monounsaturated fats do not 
significantly influence bacterial composition (17,18). Marine omega-3 polyunsaturated fats 
may increase some beneficial bacterial species and modify bile acid composition (17,18). 
In the present study, the increase in Proteobacteria from the SAT diet is notable given the 
association with this profile and pro-inflammatory and pro-carcinogenic processes (18,19).

Relevance
‘Bulletproof coffee’, unless you needed clarification, is a really stupid idea. The finding 

that saturated fat increased liver fat compared to unsaturated fats is consistent with other 
research showing saturated fats negatively impact abdominal adiposity compared to 
polyunsaturated fats (6). The increase in insulin resistance from the SAT diet is also consistent 
with evidence showing higher intakes of saturated fat are associated with impaired blood 
glucose regulation (11), and secondary analysis of the PREDIMED trial showing increased risk 
of type-2 diabetes from higher proportions of energy from saturated fats (12). 

This is a mechanistic study: overfeeding by 1000kcal of any one nutrient may lack real world 
relevance, beyond illustrating mechanistic pathways. Similar to fructose overfeeding trials, 
they are an important part of the evidence-base, but should not necessarily be interpreted - as 
they often are - as reflective of free-living patterns of consumption. However, as a food-based 
intervention it has more relevance and the levels of intake - 30g coconut oil and 40g butter - 
are not excessive considering the recent glorification of these foods. 

More particularly, when we look at foods contributing the most to daily energy intake and 
adiposity, it is evident that foods high in both fat and refined starch/added sugars are 
dominant in typical Western diet patterns. Thus, a hypercaloric diet high in either saturated 
fat, sugar, or both, appears to be problematic and likely interact in the post-prandial period to 
drive cardiometabolic risk.
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Application to Practice
This doesn’t dramatically alter best-practice nutrition advice: reduce added sugars, 
replace saturated with unsaturated fats. This is particularly pertinent to individuals who 
exhibit central abdominal fat, and visceral fat accumulation. 

More particularly, lower carbohydrate diets are increasingly popular for individuals exhibiting 
cardiometabolic risk factors. And low-carb diets certainly do have practical application in 
free-living conditions: they’re easy to comply with, and may yield short-term improvements 
in glycaemic control. However, they can also be implemented badly when the narrative 
of ‘don’t worry about saturated/animal fat once you drop the carbs’ is believed - which 
is currently in vogue. 

The composition of fats in the diet is as relevant to metabolic health as cardiovascular health. 
Encourage a predominantly unsaturated fat intake. Food translation: fish, olive oil, nuts, 
rapeseed oil, seeds. Reduce fatty meat consumption overall if it is very high, opting for lean 
meats/poultry instead. 

And no butter or coconut oil in coffee. 
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Application to Practice

From a combination of animal and human mechanistic research, it appears that the effect of 
flavonoids is due to a number of mechanisms (6):

 • Stimulation of brain pathways which promote growth, survival, and repair of brain cells 

Interesting Finding

 

Relevance

The Critical Breakdown

Pros:

Cons:

Key Characteristic

Do these potential mechanisms potentially explain long-term associations? Flavonoids 
constitute the major human dietary source of polyphenols, with the primary food 

Results: 2,801 participants were available for the final analysis. Mean age at baseline 
was 59.1yrs, and 52% of participants were female, the cohort was highly educated 
with 60.4% having a college degree, and there was low overall smoking prevalence. 

Figure from paper illustrating the difference in blood glucose levels (left) and insulin (right) comparing 
breakfast consumption vs. breakfast omission; breakfast omission results in significantly greater increases in 
blood glucose levels following lunch and dinner, compared to the blood glucose increases following breakfast 
consumption. In addition, the insulin response is much lower in response to lunch. The combination of elevated 

glucose and lower insulin is indicative of impaired glucose tolerance and insulin sensitivity.
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