
www.alineanutrition.com

D
EC

EM
B

ER
 2

01
9



02 www.alineanutrition.com

TABLE OF

CONTENTS
What We Know, Think We Know, or Are Starting to Know 03

Geek Box: Lipid Metabolism 05

The Study 06

Geek Box: Post-Hoc Analysis 06

Results 07

The Critical Breakdown 07

Key Characteristic  08

Interesting Finding 08

Geek Box: Triglycerides and CVD Risk 09

Relevance 10

Application to Practice  11

References  12



Shih C, Hauser M, Aronica L, Rigdon J, Gardner C. Changes in blood 
lipid concentrations associated with changes in intake of dietary 
saturated fat in the context of a healthy low-carbohydrate weight-
loss diet: a secondary analysis of the Diet Intervention Examining 
The Factors Interacting with Treatment Success (DIETFITS) trial. 
Am J Clin Nutr. 2019;0:1-9.

What We Know, Think We Know, or Are Starting to Know

The role of saturated fat in the diet remains contentious, largely because it continues 
to be viewed in absolute terms, often expressed as:

 a) a standalone percentage, and; 

 b) often without the context of nutrients replacing, or being replaced by,              
      saturated fat in the diet. 

We won’t belabour b), which we have looked at in this article in detail [hyperlink]. 
The body of evidence indicates a hierarchy of risk reduction for different 
nutrients replacing saturated fat: Polyunsaturated fats>Monounsaturated 
fats>Wholegrain Carbohydrates. This hierarchy is consistent across multiple 
converging lines of evidence.

However, these models have traditionally assumed replacing saturated fat with 
carbohydrate. The growing popularity of low-carbohydrate diets has generated the 
opposite research question: the effect of replacing carbohydrates with fat, which could 
mean, although not necessarily, an increase in saturated fat as a result. This has not 
been extensively researched. 

In relation to a) above, the percentage level of saturated fat in the diet is perhaps 
the most misunderstood factor, by both commentators and the lay public alike. It is 
common-case currently for the introduction to papers to question the 10% threshold 
for intake recommended by public health authorities. It is important to emphasise 
that the percentage threshold is established based on modelling reductions in risk 
from decreasing saturated fat from higher percentages of intake. Context in nutrition is 
nearly always a matter of relativity. It is this issue of relativity in which the percentage 
thresholds are misunderstood, particularly with regard to the historical context. 
For this context, the focus on saturated fat came at a time when absolute intake in 
grams per day was quite high, but overall total daily energy lower than today; thus, 
as a percentage of total energy intake, the percentage intake was also high. In many 
European countries and the United States, dietary intake of saturated fat was often 
>18% as a percentage of total energy, but also high in absolute intake as grams per day (1).
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The modelling for risk reduction, and the establishment of the 10% energy target for 
population health, is very much based off reducing a level of intake that is both high 
in absolute terms and high as a percentage of energy. 

One reason why a percentage may be misleading for diet is that they may fail to 
capture the relationship between changes in total energy intake, and the relationship 
between the balance of one nutrient with another. For example, data in the US 
indicates that total fat intake expressed as a percentage decreased from 39% to 32% 
between 1971 and 2000, but as overall energy increased, the absolute intake of fat in 
grams per day increased (2). Thus, percentages may be useful in certain circumstances, 
but they must always be contextualised by reference to changes in total energy and 
absolute intake. 

One of the positions advanced with the growing popularity of low-carbohydrate 
diets is that saturated fat is not an issue in the context of a low-carbohydrate intake (3). 
Support for this hypothesis is often presented as a very simplistic framing of lipid 
metabolism* and associated cardiovascular risk. However, the research question 
is valid: in the context of a low-carb diet, is the same emphasis on saturated fat 
necessary? The present study used data from the DIETFITS intervention to look at 
whether changing percentages in saturated fat during a lower-carbohydrate diet 
were associated with any impact on cardiovascular risk factors. 
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*Geek Box: Lipid Metabolism

The term ‘lipid’ is the technical term for fats in the body, which are taken in through diet or are 
produced in the body. Because fats don’t dissolve well in water, they need transport to be carried 
around the body through blood. The terminology ‘blood lipids’ is often misinterpreted to mean 
‘blood cholesterol’, but in fact blood lipids include triglycerides, cholesterol, free fatty acids, and 
phospholipids [which provide structure to cells and are stored in cell membranes]. Triglycerides 
[also known as ‘triacylglycerol’ or TAG], are, formed of three fatty acids [‘tri’] bound to a glycerol 
[a sugar compound] backbone. TG’s are the main form of fat consumed through the diet, and the 
main form of storage fat in the body. Chylomicrons [CMs] are also important, as these are the 
vehicle to transport TGs absorbed from diet from intestinal cells. 

‘Blood cholesterol’ may also be misleading terminology, as it in fact is referring to lipoproteins, 
which are complexes of proteins and lipids that transport both TG’s and cholesterol around the 
body. They are defined by density, which is a characteristic of the ratio of protein to lipid. The main 
lipoproteins are very- low-density lipoprotein [VLDL],  low-density lipoprotein [LDL], high-density 
lipoprotein [HDL]. The higher the protein volume, the less capacity there is for TG transport. Thus, 
VLDL is larger and less dense and therefore has more capacity to transport TGs. Conversely, HDL 
has much greater protein density, and therefore not much capacity to carry TGs. VLDL operates 
to transport TGs newly produced in the liver, as opposed to CM transport of TGs from diet. The 
general role of LDL is to transport cholesterol from the liver to body tissues; HDL operates reverse 
transport of cholesterol from tissues to the liver. The relationships between the size and density 
of lipoproteins is a factor in the promotion of, or protection against, cardiovascular disease

Lipid metabolism is a complex interaction of multiple factors, including the composition and 
quantity of fats in the diet, the composition and quantity of carbohydrates, the level of fat in a 
meal and in preceding/subsequent meals, and the site of stored fat in the body [visceral fat, and 
ectopic fat around the liver, being particularly problematic]. 

Generally, cardiovascular risk has been viewed through the lens of high total cholesterol and 
high LDL in particular. This is a well-established risk factor. The European Atherosclerosis 
Society Consensus Panel in 2017 confirmed that high LDL is a causative factor in atherosclerosis. 
However, we also understand CVD risk is more nuanced, and the relationships are not as simple 
as often portrayed.  
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The Study 

The DIETFITS study was a randomised controlled trial with 609 men and women aged 
18-50 and BMI of 28-40 whom were randomised to either a healthy low-fat diet [LF] 
pattern or a healthy low-carb diet [LC] pattern. The primary aims of the trial were to 
test the effects of baseline insulin secretion or genetics influenced weight loss on 
either diet. 

A key feature of the DIETFITS intervention was that subjects on either diet were not 
given prescriptions for energy intake, or percentage targets for any macronutrient. The 
intervention began with instructions to reduce either total fat or carbs, following which 
individuals could find a level of intake that they felt could be maintained indefinitely. 
Both groups were counselled to: a) maximise vegetable intake; b) minimise intake of 
refined flours, added sugars, and trans fats; c) focus on whole foods that were minimally 
processed, nutrient-dense, and aim to prepare food at home where possible. 

For this present study, post-hoc secondary analysis* was performed using data from 
subjects on the LC diet [n=208] to examine changes in percentage of energy from 
saturated fat and changes in LDL-C, HDL-C, and triglycerides. Only subjects with 
complete diet and blood lipid data at baseline and at the 12-month intervention 
period were included. Subjects were divided into tertiles of saturated fat intake 
according to their 12-month change: those who lowered intake, slightly increased, or 
most substantially increased. For completeness, the analysis was repeated for the LF 
diet group. 

*Geek Box: Post-Hoc Analysis

The literal translation of the Latin term ‘post-hoc’ is ‘after this’. Post-hoc means something which 
occurs after an event. A post-hoc analysis is therefore an analysis which is undertaken after a 
trial has concluded, using data from that trial, to look at a question that was not pre-specified. 
So of course, while all data analysis is conducted after a study is concluded, the key feature of a 
post-hoc analysis is that it is secondary to the study, and the question it is addressing was not 
a primary research question. For example, the DIETFITS trial was designed to test the effects of 
baseline insulin secretion and genetic factors on response to either low-carbohydrate or low-
fat diets. It was not designed to test the effects of different percentages of saturated fat on 
cardiovascular risk factors. However, the researchers had data on both diet and blood lipids. 
Thus, they could do a post-hoc analysis secondary to the intervention, looking at the relationship 
between saturated fat and blood lipids. However, it is important to distinguish that because it 
is a secondary analysis and not part of the pre-planned study, in effect a post-hoc analysis is an 
observational study. It can look at relationships, but not causality. Post-hoc analyses are very 
useful, and informative, tools in research, particularly where a well-conducted controlled trial 
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Results: The lowest tertile of SFA intake averaged 12.1% energy; the highest averaged 
18.2%. Increasing intake of saturated fat was associated with increased LDL-C, HDL-C, 
and lower triglycerides. However, despite differences in percentage of saturated fat, 
absolute intake in grams per day did not change significantly from baseline. In the 
highest tertile of saturated fat, intake increased by 9g/d. In the lowest tertile, intake 
decreased by 12g/d. Each 1% increase in saturated fat resulted in a statistically 
significant reduction in triglycerides with no change in LDL-C or HDL-C. However, after 
adjusting for changes in carbohydrate intake the association between percentage 
saturated fat and triglycerides was no longer significant [see Interesting Finding below 
for more discussion]. The LF diet group has LDL-C levels significantly lower than the 
LC diet group. The LC diet had higher HDL-C and lower triglycerides compared to the 
LF diet. 

The Critical Breakdown

Pros: The DIETFITS trial emphasised overall diet patterns, rather than targeting 
specific thresholds of intake. The dietary quality in both diet groups was high. Both 
groups received equally intensive counselling, a positive as nutrition trials may often 
be biased toward the intervention group. The trials had nearly 50:50 men and women, 
had a large sample size, and had excellent retention for a weight loss trial. 

Cons: The present study was a post-hoc secondary analysis, and is therefore a correlative 
study and does not demonstrate causation. The authors focused on percentage of 
saturated fat in the context of a weight loss study, and therefore changes in overall 
energy intake and macronutrient composition influenced expressing dietary intake as 
a percentage. As a secondary analysis, the authors were unable to distinguish whether 
the results were due to the reduction in carbohydrate that occurred on the LC diets.
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Key Characteristic

The use of percentages to express the saturated fat content of the diets.  In the 
author’s own words: “the mean daily intake in total grams of saturated fat for the 
overall HLC group in this study did not change significantly from baseline to 12 mo.” 
[Emphasis added].

The average baseline intake of saturated fat in grams was 30g/d, or 12% energy. 
So, how could the highest tertile of saturated fat intake have been consuming 18% 
energy from saturated fat? Because this tertile had the most significant reduction 
in carbohydrate intake from baseline, decreasing carbohydrate intake by 133g/d on 
average. This occurred with only an 8.9g increase in saturated fat: about 2-teaspoons 
of butter. The average saturated fat intake for the entire 208 subjects analysed on 
the HLC diet was –1.9g/d. Therefore, the only subjects whom increased absolute 
saturated fat intake in grams were those in the highest tertile. 

In this respect, the increasing percentage of saturated fat was a reflection of the 
significant decrease in carbohydrate intake and the average reduction in total 
energy of 506kcal per day. In the highest tertile of saturated fat intake, total energy 
decreased by 386kcal/d. It is important to contextualise the increasing percentage of 
saturated fat observed between the lowest tertile [12%] and the highest [18%]. While 
on the face of it this may seem like a significant increase in saturated fat intake, 
expressed as a percentage it is a complete misnomer; a reflection of the substantial 
decrease in carbohydrate intake and reduction in total energy, with only a minor 
increase in total saturated fat. 

Interesting Finding

Certain characteristics, in particular lower triglycerides and increased HDL – are 
often oversimplified in their interpretation to suggest a greater improvement in 
cardiovascular risk factors on low-carb vs. low-fat diets. However, these interpretations 
require more nuanced consideration. 

In relation to the reduction in triglycerides, the finding in the paper that each 1% 
increase in saturated fat corresponded to a significant reduction in triglycerides is more 
appropriately attributed to the 50% reduction in carbohydrate intake that occurred in 
the highest tertile saturated fat group. This is evident in the fact that once the authors 
adjusted for the change in carbohydrate intake, the results for triglycerides* were no 
longer significant. The key point here is that the reduction in triglycerides is more 
appropriately attributable to the reduction in carbohydrate, not as a consequence of 
increasing saturated fat. 
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*Geek Box: Triglycerides and CVD Risk

Triglycerides are known to increase on higher carbohydrate diets, and decrease on low-
carbohydrate diets. This is often oversimplified to ‘high = bad, low = good’, when in fact this is 
contextual. What is often measured is fasting circulating triglycerides, not the triglyceride content 
of lipoproteins that transport lipids through the blood. Circulating blood plasma triglycerides are 
an indiscriminate measure of all triglyceride-carrying lipoproteins, regardless of their size and 
density [i.e., it does not differentiate between triglycerides in chylomicrons, VLDL, or LDL]. This 
is important, because while historically there have been strong associations between measured 
TGs and cardiovascular risk, these associations fall away when non-HDL-cholesterol is adjusted 
for. Non-HDL-C provides an estimate of all atherogenic lipoproteins – VLDL, IDL, LDL – and thus 
it appears that elevated TGs as a risk was in fact a proxy for atherogenic triglyceride carrying 
lipoproteins. High triglycerides alone may not necessarily be an indication of anything adverse, 
as evidence by a condition known as ‘familial chylomicronaemia’, in which TGs in chylomicrons 
and large VLDL are significantly elevated. However, atherosclerosis does not develop due to the 
size of these lipoproteins preventing their penetrating the arterial intima. Conversely, combined 
elevated cholesterol and TGs may result in the accumulation of atherogenic triglyceride-rich 
lipoproteins.. High triglycerides in the context of high LDL and low HDL is a distinctly high-risk 
profile, known as the ‘atherogenic lipoprotein phenotype’. A further issue is what to measure: 
there is gathering support for post-prandial triglycerides being more predictive of heart disease 
than fasting triglycerides. 

HDL improved to a greater degree on the HLC diet group compared to the HLF group, while LDL 
also increased. This is a predictable response given that low-carb, higher fat diets significantly 
increase LDL and HDL (4). However, waving off increases in LDL by reference to increasing 
HDL is a potentially problematic interpretation of CVD risk factors, having regard to the well-
established causal link between high LDL per se and CVD (5). The caution of interpreting 
increased LDL as benign so long as HDL increased is supported by the fact that while high HDL 
is considered protective, the evidence that increasing HDL reduces CVD risk is not as strong as 
one might think (6). 

However, the protective effect of higher HDL is often interpreted to mean that if 
HDL increases in response to diet, it is a positive outcome. This is often interpreted 
to suggest that increases in LDL are not a cause for concern if HDL increases 
concomitantly. However, this is not that simple. Emerging research suggests that HDL 
may increase as a compensatory response to increasing LDL (7). Given the role of HDL 
to transport cholesterol in reverse from body tissues back to the liver, there is some 
mechanistic support for the idea that HDL increases in response to LDL increasing as a 
compensatory response to the increased demands on cholesterol transport (8). 

This is a highly nuanced area with ongoing research, and the oversimplification of CVD 
risk into isolated features of lipid metabolism should be treated with caution.  
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Relevance

Context is everything in nutrition. We have discussed the misleading nature of 
expressing saturated fat intake as a percentage in the context of significant reductions 
in carbohydrate intake and in total energy intake. At baseline in the DIETFITS subjects, 
saturated fat intake was 30g/d, and 12% total energy. Now, let’s put this issue of 
percentages vs. absolute intake into the historical context of saturated fat literature, 
starting with certain cohorts from the Seven Countries Study (1):

 • East Finish cohort: 88g = 22% SFA

 • West Finish cohort: 73g = 19% SFA

 • Dutch cohort: 60g = 20% SFA

 • Croatian cohort: 69g = 17% SFA

 • US cohort: 55g = 21% SFA

Let’s also take account of migrant studies, an informative tool to look at how changes 
in diet influence disease risk in people of the same genetic makeup. The Ni-Hon San 
Study looked at Japanese migrants to the US compared to the domestic population, 
whom had very low rates of heart disease (9). Let’s look at the difference in diets:

 • Domestic Japanese cohort: 16g = 6% SFA

 • Californian Japanese cohort: 66g = 26% SFA 

The historic focus on saturated fat thus occurred in the context of both a high absolute 
intake and corresponding high percentage of intake. And the reduction in CVD mortality 
that accompanies reducing higher thresholds of saturated fat intake is supported by 
the totality of the literature (10). It is the context that is always absent the discussion. 
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Application to Practice

The study is a red herring. It gives the impression that increasing saturated fat up to 18% 
of energy will have no negative effects on CVD risk, when in effect what the conclusion 
should read is: “adding 9g saturated fat [2-teaspoons of butter] while reducing carb 
intake by 50% and eating 400kcal less a day does not increase CVD risk factors.” 

DIETFITS was an excellent intervention from a food-based perspective because 
subjects achieved individual levels of lower carbohydrate or lower fat that were 
sustainable for them, and were counselled to achieve dietary quality through food-
based recommendations. Both diets had a high diet quality, more unsaturated fats 
than saturated, adequate fibre intake, and were reduced energy diets. One has to 
question the use of delving too much into secondary analysis of the data when no 
diet was particularly high in saturated fat, refined carbohydrate, salt, or total energy; 
characteristics which may be associated with worsening health outcomes. 

This study adds nothing. The application of DIETFITS for practitioners remains from 
the primary publication: emphasise diet quality, individualise for preference of lower 
fat or lower carbohydrate [what is achievable for them?], and focus on food-based 
recommendations. 
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