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Have the fructose alarm bells rang too soon?
Fructose is both highly controversial and highly researched. Yet until this
recent trial, it hadn’t been compared to other sugars for inflammation and
intestinal impacts.
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From the Editor
Examine.com has recently reached a milestone of one mil-

are meta-analyses inappropriate?) as well as the big picture

lion visitors per month. Milestones and goals are often

(Do macros matter that much? Is nutrition THAT import-

completely arbitrary round numbers (Yay, I’m at 10% body

ant, or should we transfer some of that focus to improving

fat! Oooh, gotta get 10,000 steps per day). But they also offer

sleep?).

an occasion for reflection. The question we’ve been asked
most this month is:

Examine.com is in a position now where we can legitimately help a large number of people. There are some

Congrats! Having shaken things up the past few years, what

obstacles. The Internet is what allowed us to come into

changes would you like to see in supplementation and nutri-

being, but it also provides nearly unlimited amounts of

tion, in [arbitrary number of years]?

distraction. Ideally, people would take time out of their day
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to learn some basics about research, and then we could
This is a trick question. Or rather, I’m going to give an

delve into deeper and deeper topics. But people have busy

answer assuming it’s a trick question.

lives, and it’s a priority of ours this year to make information more accessible, no matter who’s reading it. We want

Everyone is an armchair quarterback when it comes to food

to be as useful as possible to people looking for high quality

and nutrition policy. But creating policy for a country of

information.

extreme diversity in income, knowledge, health, and many
other variables? That’s tough.

Okay, back to the main topic. Milestones, goals, and reflections. We’ve come this far by keeping a finger on the pulse

Examine.com is the Switzerland of the nutrition and sup-

of our readers, and providing information that can be used

plement world. We focus on research, and try to translate

to help you figure out diet and supplementation. Our goal

it to the best of our ability. Sometimes even Switzerland

for the next few years is to provide more and more com-

gets pulled into quibbles, but by and large we are a group of

prehensive information, and to keep honing our existing

nerds who read papers, read papers about those papers, and

information until it’s gleaming with accuracy (that’s not an

then read more papers.

analogy that people use, is it?). We’re excited to do the work,
and hope you’re excited to read it.

We don’t claim to know for sure what you should eat for
optimal health. Nor do we claim to know how your government should craft its health policy, or what advice your
physician should give. If anybody from our team is on a
podcast, they provide their own views, not Examine.com’s
views. Examine.com doesn’t really have views, except in the
meta sense that putting ink on paper (or words on a web

Kamal Patel, Editor-in-Chief

page) indicates an opinion.
What do we want to see changed in the next few years? We
want people to be better informed, and we want to help
people foster their sense of curiosity over niggling methodological details (should we rely on p-values so much? When
4
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Have the fructose alarm
bells rang too soon?

No differential effect of beverages sweetened
with fructose, high-fructose corn syrup, or
glucose on systemic or adipose tissue
inflammation in normal-weight to obese
adults: a randomized controlled trial

126

Introduction

gested that consumption of fructose can trigger hepatic

Consumption of sugar-sweetened beverages (SSBs) has
been associated with increased risk of heart disease,
type 2 diabetes, and metabolic syndrome. These associations may be due to increased body fat, but have also
been hypothesized to occur through mechanisms unrelated to body composition, such as chronic low-grade
inflammation.

permeability and the translocation of endotoxin from
the gut and into circulation. An increase in de novo
lipogenesis (the body’s synthesis of fatty acids) has also
been observed when substituting liquid fructose in
place of solid carbohydrate foods, which can increase
production of fetuin-A (a protein secreted by the liver
and adipose tissue) and in turn lead to increased activi-

Table sugar is a disaccharide (two simple sugars linked
chemically) made up of equal parts glucose and fructose. High-fructose corn syrup (HFCS) is just slightly
This is a complimentary copy of the Examine.com Research Digest.

and systemic inflammation via increased intestinal

different in composition compared to sugar, containing
55% fructose, 41% glucose, and 4% other saccharides.
It’s been theorized that the fructose component may be
disproportionately responsible for the associations seen
between SSB intake and risk factors for chronic inflammation, abnormal blood lipid values, and decreased
insulin sensitivity. Metabolic comparisons to alcohol
consumption have also been made to fructose.
There are multiple mechanisms to explain why fructose
might be more problematic compared to the consumption of an equivalent amount of glucose, some of which

ty of inflammatory pathways in adipose tissue.
To further examine the links between the types of carbohydrate consumed and their effects on inflammation
and intestinal permeability, researchers set out to compare the effects of consuming beverages sweetened with
fructose, HFCS, or glucose for eight days. This study
warrants interest for a number of reasons: 1) researchers recruited human participants, 2) it is a randomized
controlled trial rather than observational, 3) it attempted to keep bodyweight stable to determine whether
fructose is inflammatory in the absence of major bodyweight changes, and 4) it looked specifically at adipose
tissue inflammation, which is hypothesized to have a
particularly important link with metabolic dysfunction.

are summarized in Figure 1. Studies in mice have sug-

1: The hypothetical
mechanism that
motivated
this paper
Figure 1:Figure
The hypothetical
mechanism
that
motivated
this paper

Leaky gut

Endotoxin
Fructose
Systemic inflammation
Type 2 diabetes
Cardiovascular
disease
Fat cell inflammation
Blood vessel
Fatty acid synthesis
Fetuin-A production
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During three different eight-day periods (each sepaSugar-sweetened beverages are associated with chron-

rated by 20 days), participants consumed 25% of their

ic inflammation, which can be related to increased

estimated daily calorie needs from a beverage sweet-

risks for diabetes and heart disease. Researchers com-

ened with either fructose, HFCS, or glucose. To match

pared the metabolic effects of beverages sweetened

the taste, artificial sweetener (aspartame) was included

with fructose, high-fructose corn syrup (HFCS), and

in the glucose and HFCS beverages. Participants were

glucose on markers of systemic and adipose tissue

also provided with 125% of their estimated calorie

inflammation as well as intestinal permeability.

needs as a standardized diet (50% carbohydrate, 34%
fat, and 16% protein) that they were allowed to con-

Who and what was studied?
This double-blind, randomized, crossover study includThis is a complimentary copy of the Examine.com Research Digest.

ed 24 healthy participants (15 male, 9 female; average
age 36) that were separated into two groups based on
BMI, normal weight (BMI 20.0–24.9; n = 12) and overweight/obese (BMI 25.0–39.9; n = 12). All participants
were screened for fructose malabsorption and were
excluded if they tested positive. Other exclusion criteria
included typical factors such as smoking, drug or alcohol abuse, chronic metabolic or inflammatory diseases,
and use of prescription medications.

sume as desired, and return any food that was not eaten.
In total, participants were provided with 150% of their
daily energy needs as calculated by the Mifflin-St Jeor
formula with an individualized activity factor.
Markers of systemic inflammation were assessed via
fasting plasma levels of C-reactive protein (CRP) and
IL-6, along with fasting plasma adiponectin (a marker
of insulin sensitivity), zonulin and urinary lactulose:mannitol ratio (intestinal permeability indicators,
explain in Figure 2), fetuin-A, and LPS- binding protein (LBP; a marker of LPS translocation). Adipose

Figure
2:2:How
ratiomeasures
measures
intestinal
permeability
Figure
Howthe
thelactulose:mannitol
lactulose:mannitol ratio
intestinal
permeability
Healthy gut

Leaky gut
Lactulose

Mannitol

Lower lactulose:mannitol ratio

Higher lactulose:mannitol ratio
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tissue inflammation was also studied, with tissue pop-

with adiposity and has insulin-sensitizing effects. It is

ulations of neutrophils, CD4+ and CD8+ T-cells, and

unclear how relevant this finding is, because these dif-

mRNA gene expression measurements of adiponectin,

ferences in gene expression were not reflected by similar

IL-6, IL-10, TNF-a, CCL2, IL-1b, and IFN-y. Ad libitum

differences in plasma concentrations. This is possibly

energy intake was also measured as a predetermined

due to the fact that plasma levels of adiponectin are pri-

secondary endpoint, and the results were published

marily related to visceral adipose tissue, which may not

separately last year. A subset of the participants (five

have been affected by the three diet periods. Recall that

men and nine women; four normal weight and 10 over-

these mRNA measurements were done in subcutane-

weight) also agreed to have a biopsy taken from their

ous, not visceral, adipose tissue. No effects were seen on

abdominal subcutaneous fat for further study.

tissue levels of neutrophils (a type of white blood cells),
total adipose tissue macrophages (linked to chronic

This is a complimentary copy of the Examine.com Research Digest.

Participants consumed a standardized diet for three
eight-day periods while drinking 25% of their estimated calorie requirements as either fructose, glucose,
or HFCS-sweetened beverages. Food was provided to
the participants and consumed as desired.

inflammation), or cytotoxic T-cells (which play a role in
immune function).
Previously published data from the same study showed
that overall (ad libitum) energy intake was not different between groups, with participants consuming
more than 116% of their estimated total daily calorie

What were the findings?

needs. Additionally, no changes in body weight, waist

No changes were seen on markers of inflammation (CRP

eight-day intervention periods. It is noteworthy that

and IL-6) between groups, either during the intervention
periods or during the washout period between interventions. Furthermore, no changes were observed in
adiponectin, zonulin, LBP, or fetuin-A. Researchers conducted a secondary analysis by separating participants
by body fat levels and also found no impact of the diets
on any markers of inflammation. Statistically significant
differences were observed in the lactulose:mannitol
ratio (HFCS group being the lowest), but all groups were
within normal range and well below numbers seen in

circumference, or physical activity were seen after the
people increased their total energy intake on all three
beverages, supporting the idea that real life SSB consumption often co-occurs with energy excess. Also
worth noting is the fact that the energy excess diminished over the course of the eight day period as people
began to compensate for the excess calories.

Consuming 25% of estimated daily calorie intake for
eight days in the form of sugar-sweetened beverag-

conditions associated with intestinal permeability.

es (with either glucose, fructose, or HFCS) had no

Analysis of adipose tissue gene expression showed no

of systemic inflammation, intestinal permeability, or

changes in any of the markers evaluated, except for a

substantial differential effects on multiple markers
adipose tissue inflammation.

significant effect of diet after the eight-day intervention
on adipose tissue expression of adiponectin mRNA.
Measurements after the fructose diet period were greater than after both the HFCS and glucose diet periods.
Adiponectin is an anti-inflammatory signaling protein
(secreted by adipose tissue) that is inversely correlated

What does the study really
tell us?
There was one unexpected finding from this study:
consumption of drinks sweetened with fructose, HFCS,
9

or glucose for eight days resulted in an energy intake

The duration of the study also has its pros and cons.

that was about 15% greater than calculated needs. But

While eight days should be long enough to detect any

the groups didn’t differently affect measures of systemic

acute effects, it is still a short duration, so some effects

inflammation, intestinal permeability, or adipose tissue

may be difficult to observe. It is also possible that the

inflammation in normal-weight to obese adults.

markers chosen to be studied take longer to show any

This is a complimentary copy of the Examine.com Research Digest.

changes, and that short-term changes that did occur
There are a number of strengths and limitations to this

were not looked at. Participants did not gain weight

study. A crossover design allows researchers to mini-

during the interventions, which is good for separating

mize the inter-individual variations of the plasma and

the effect of body weight gain, calorie excess, and the

gene-expression biomarkers. Additionally, this study

fructose or sugar itself on inflammation. It is also like-

is unique in that it screened for, and excluded, poten-

ly that continued consumption of 25% of (estimated)

tial participants that exhibited fructose malabsorption.

calorie needs from SSBs could contribute to weight gain

Prevalence of fructose malabsorption might be quite

and increase systemic inflammation.

high in people with unexplained GI symptoms, and
surprisingly, between 50-80% of healthy people may be
unable to absorb large loads of fructose.
Another strength is that these were healthy people with
a broad range of BMIs. So, if the idea is that fructose
leads to metabolic problems, you’d want to look at

Short-term consumption of different simple sugars
does not appear to differentially influence markers of
systemic inflammation or gut permeability. However,
this study cannot shed light on what the effects of
chronic consumption may be.

people who are otherwise healthy to see if they “move
toward sickness”. Having a range of BMI values may
help suss out differential effects, although the statistical
power is likely pretty low for that purpose.

The big picture
A small number of controlled trials using human participants have examined the connection between SSBs

Prevalence of fructose malabsorption
might be quite high in people with
unexplained GI symptoms, and
surprisingly, between 50-80% of
healthy people may be unable to
absorb large loads of fructose.
10

and systemic inflammation. Results have been varied.

tion. Similar undesirable effects of fructose have also

In research similar to the current study, participants

been seen in monkeys. In light of the available animal

consuming glucose or fructose beverages as 25% of

research, it was unexpected for this new human study

their calories for ten weeks had no changes of inflam-

to show no evidence of increased intestinal permea-

matory markers CRP or IL-6. However, that study also

bility or differences in plasma markers of endotoxin

reported increases in visceral fat after fructose but not

exposure among the three diet periods.

after glucose-sweetened beverage consumption, as well
as other pro-inflammatory mediators (such as MCP-1
and PAI-1) that were not measured in the current study.
Interestingly, the glucose and fructose groups gained
the same amount of fat, but more of it was visceral in

This is a complimentary copy of the Examine.com Research Digest.

the fructose group.
Visceral (and not subcutaneous) fat is the main determinant of circulating MCP-1 and PAI-1 concentrations.
This means it may be the increased adipose tissue
driving the inflammation, and not the fructose per se.
Visceral fat was not measured in the current study, but
would be unlikely to change after eight days. Another
study had healthy participants consume a very high
dose of glucose or fructose (150 grams, dissolved in
water; this is the amount found in more than a liter of
soda) daily for four weeks and found no changes in
CRP, PAI-1, MCP-1, or visceral fat after either intervention. Consistent with the current findings, one other
study in humans compared the effects of 80 grams and
40 grams of fructose, glucose, or sucrose-sweetened
beverages on CRP levels and found that while CRP
increased during all of the interventions, there were no

Animal research points to high consumption of
fructose having deleterious effects on inflammation
and intestinal permeability, but the small number of
human studies do not support the same connections.

Frequently asked questions

Are there other reasons to avoid or reduce fructose consumption?
Possibly, but it may be more likely related to total calorie intake. A recent review and meta-analysis looking at
the effects of sugar and liver health concluded that “the
apparent association between indexes of liver health
and fructose or sucrose intake appear to be confounded
by excessive energy intake.”
This idea is confirmed by a meta-analysis showing that
fructose does not cause weight gain when it is substituted into diets providing similar calories. What appears
to be bad is the combination of high caloric intake and
high levels of refined fructose, or sugar in general. With

differences between glucose and fructose consumption.

that being said, many people who eat sugary food, add

The link between fructose and gut permeability (and in

total energy intake, so these two criteria are often ful-

turn, systemic inflammation) may be something that
occurs in animal models but not in humans. Studies
in mice have shown that fructose (but not glucose)
consumption can increase intestinal permeability and
allow the translocation of bacteria such as LPS (lipopolysaccharide) into the portal vein, which then causes
inflammation in the liver. Antibiotics are able to reduce
hepatic inflammation, further strengthening the link
between bacteria from the intestine and inflamma-

sugar to things, and drink SSBs will be increasing their
filled in real life.
Would a longer-term study have different results?
If it did, it would again be more likely due to a longterm energy surplus resulting in accumulation of
adipose tissue, which would itself lead to increased
production of inflammatory cytokines. However, this
study showed that fructose disproportionately makes
the extra fat go into the visceral cavity, as depicted in

11

Change in fat volume from baseline (cubic cm)
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Figure
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could still be worse in the long run.

from sugar-sweetened beverages on low-grade chronic
systemic inflammation or intestinal permeability in

Should I be concerned about fructose from fruit and

normal-weight to obese adults. Longer-term studies

other whole foods?

suggest that high intakes of fructose can still be harm-

The amount of fructose in fruits and whole foods is gen-

ful if they are paired with excess calorie intake and

erally lower, so it is unlikely that consumption of these

visceral fat accumulation.

foods would lead to energy over-consumption or weight
gain. Whole foods and fruits also contain other beneficial substances like fiber, vitamin C, and polyphenols.

What should I know?

◆

While there’s still much to be learned about the effects
of fructose, it doesn’t appear to be quite the monster
it’s sometimes portrayed as. Discuss fructose and other
sugars at the ERD Facebook forum.

Contrary to findings from rodent studies, this research
shows no differential effects of short-term consump-

12

Quoth the insulin
hypothesis, “Nevermore”
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Energy expenditure and body composition
changes after an isocaloric ketogenic diet in
overweight and obese men

13
64

Introduction
Adversarial collaboration is when researchers who hold
conflicting opinions gather to conduct experiments
that will help to resolve or reduce their differences.
The present study was a product of this process. The
Nutrition Science Initiative (NuSI), co-founded by Gary
Taubes (champion of the carbohydrate-insulin hypothesis of obesity), assembled a team of experts to run
a clinical trial designed to answer the question: Will
very-low-carbohydrate ketogenic diets lead to greater
energy expenditure, and thus fat loss, when compared

This is a complimentary copy of the Examine.com Research Digest.

to a high carbohydrate diet?
Ketogenic diets usually take the form of severely
restricted carbohydrate intakes, usually down to around
5% of total calories. Taubes has hypothesized that
whenever someone goes on a diet, they “will remove
the most fattening carbohydrates from the diet and

less total energy available for use by organs like the
heart, liver, and muscles, which can lead to a decline in
energy expenditure and promote hormonal signaling,
resulting in increased food intake. Thus, it is posited
that the development of obesity is a consequence of carbohydrate-induced insulin production driving fat into
storage, preventing it from being oxidized for energy.
It would then stand to reason that reducing the amount
of carbohydrate consumed, while keeping variables such
as total calories and protein intakes constant, should
result in a drop of insulin secretion, causing a cascade
reaction that would allow for increased energy expenditure and increased fat loss. The competing calories in,
calories out (CICO) hypothesis maintains that exchanging carbohydrate for fat will not notably affect body fat
levels nor energy expenditure. This study was designed
to test which of these hypotheses might be true.

some portion of total carbohydrates as well. And if we
lose fat, this will almost assuredly be the reason why”

A team of researchers, recruited by the Nutrition

(Why We Get Fat, p. 144-47). Prior research conducted

Science Initiative (NuSI), conducted a study to test

by Dr. Kevin Hall, lead researcher of the study under

the carbohydrate-insulin hypothesis of obesity. This

review, has not supported this hypothesis. When inves-

hypothesis states that the development of obesity is

tigating mechanisms of fat loss, Dr. Hall’s pilot study

brought about through elevated insulin, caused by too

showed that a reduction in carbohydrate was not nec-

much carbohydrate in the diet, driving fat into stor-

essary for fat loss nor was any metabolic advantage (i.e.

age and preventing it from being oxidized for energy.

increased metabolism) for fat loss seen when insulin
secretion was reduced by 22% while on a low-carb diet.
That trial (covered in our blog post and in ERD #11,
Volume 2) had some limitations, though, such as its
short 6-day duration. The present study aims to expand
on this research, by conducting a two-month trial that
compares a high-carbohydrate to a ketogenic diet.
As there are different versions of the carbohydrate-insulin hypothesis of obesity, it’s important to clarify
which one is being tested. The hypothesis being examined here proposes the following: carbohydrate in the
diet elevates insulin secretion, which suppresses the
release of stored body fat and drives circulating fat to
be stored. A decrease of circulating fatty acids leaves

Who and what was studied?
Seventeen men between the ages of 18-50 (average age:
33) who were overweight or obese were admitted to a
metabolic ward for this cross-over study. In a metabolic
ward, participants are confined to a building where all
food intake is strictly measured and controlled, so as
to be certain of how many calories are consumed. This
offers a major advantage over free-living studies that can
be fraught with inaccurate self-reported food intake.
To give you an idea of how stringently food is monitored, here are some of the policies participants had to

14

comply with: All meals were consumed under observa-

While participants were overweight or obese (BMI

tion of the research staff. While visitors were permitted,

between 25-35), they were otherwise healthy and had

they could only meet with participants in a common

been weight-stable in the six months prior to the trial.

area under supervision to ensure no exchanges of food

People on a reduced (less than 30%) or high-carbohydrate

were made. Additionally, one of the study sites did not

(greater than 65%) diet were excluded from the trial.

have the metabolic chambers (where energy expenditure, as broken down in Figure 1, is measured) and the

Two diets were employed during this eight-week

metabolic ward (where participants live) in the same

study and were designed in partnership with Jeff and

location. In this case, all participants were transported

Brittanie Volk, two advocates for low-carb diets. The

to and from these sites under supervision to make sure

macronutrient profiles of each are shown in Figure 2.

they didn’t sneak any food.

For the first four weeks, all participants consumed a

Active

Exercise

Figure
2: Macronutrient
Figure 2: Macronutrient
contents
ofofthe
diets
contents
the diets
Baseline Diet
15%

Spontaneous
Physical
Activity

50%
35%

Thermic
Effect of Food
Awake
Sedentary
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2,398 kcal high-carbohydrate baseline phase (BP) that

It’s important to note that energy intakes were altered

was 15% (91 grams) protein, 50% (300 grams) carbo-

weekly for the first two weeks of the BP. This was done

hydrate, and 35% (91 grams) fat. Of the carbohydrate

to try and ensure everyone remained weight-stable.

content, 49% (147 grams) was sugar, but much of this

Fifteen days into the baseline phase, no more adjust-

was from naturally occurring sugars, as large amounts

ments were made and daily caloric intake remained the

of added or liquid sugars were not used in the baseline

same for the rest of the study. The compositions men-

phase. For reference, the average American adult con-

tioned above represent the seven-day average BP and

sumes about 71 grams of added sugar per day. Aside

KD diets during the isocaloric periods.

from the higher sugar intake, this macronutrient composition is believed to represent a typical American diet.

There were two primary endpoints of this study: chang-

This is a complimentary copy of the Examine.com Research Digest.

es in energy expenditure and 24-hour respiratory
In the second four-week period, participants ate a 2,394

quotient. This last measure is designed to see which

kcal ketogenic diet (KD) that was protein matched to

substrate the body is primarily drawing energy from:

the BP diet at 15% (91 grams), 5% (31 grams) carbohy-

fat or carbohydrate. Energy expenditure was measured

drate, and 80% (212 grams) fat. During the KD period,

every week by placing the participants in the metabolic

there was nearly a 10-fold decrease in carbohydrate

chambers for two days. Results were corroborated by

intake and sugar consumption dropped by 93%, from

having participants drink doubly labeled water twice

147 grams to 10 grams. Sample menus can be seen in

during the trial, once during each diet. Secondary

Table 1.

endpoints looked at changes in body composition as

Table 1: Sample menus used in the trial
Baseline Phase

Ketogenic Diet
Breakfast

Egg and potato hash with berries

Ham & Swiss omelet over spinach

Morning Snack
Peanuts, oil-roasted, salted

Cheddar cheese

Chewy granola bar, chocolate chunk, low fat

Almonds, oil-roasted, salted

Lemonade, from concentrate

Bouillon cube, beef + Olive oil

Lunch
Turkey burger with hot potato salad

Kielbasa with chilled mustard
sauce & sautéed cabbage

Afternoon Snack
Pretzel sticks

Celery with buffalo chicken dip

Wheat crackers & American cheese spread

Dinner
Cheese steak sandwich and pineapple

Spicy hamburger, sautéed squash, & mushrooms
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measured by dual-energy X-ray absorptiometry (DXA),

over the trial, a loss of fat mass was recorded during the

which were taken four times during the study. Various

last six weeks of the study. The study is focused on the

blood and urine measurements were also taken as

last six weeks, not the entire eight, because calories were

exploratory measures.

still being adjusted in the first two-week period of the
trial in an attempt to find the caloric intake that would

Finally, as if being confined to a ward for two months

keep participant weight stable. The last six weeks are

wasn’t hard enough, everyone had to exercise daily by

when calories were set for good, thus providing the

cycling for 90 minutes. If you were wondering: Yes,

most reliable time period for analysis.

these participants were financially compensated for
Much has been made of the fat loss numbers in this

their time.

study, which have been broken down into four parts:
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Seventeen male participants (BMI 25-35) were confined to a metabolic ward for two months. Everyone
consumed a high-carbohydrate baseline phase diet
for four weeks prior to being switched to a ketogenic
diet for the second four weeks. The primary endpoints were differences in energy expenditure and
respiratory quotient. A major secondary endpoint
was change in body composition. Exploratory blood
and urine tests were also conducted.

Total Fat Loss, BP-2 (weeks 3-4), KD-1 (week 5-6),
KD-2 (weeks 7-8).
Total Fat Loss - Participants lost 2.2 pounds (one kilogram) over the last six weeks of the study. Participants
lost as much fat in the last two weeks of the BP (rate of
0.55 pounds/week) as they did over the four weeks KD
(rate of 0.27 pounds/week).
BP-2 (weeks 3-4) - Although researchers noted a significant 1.1 pound (0.5 kilograms) loss of fat during this

What were the findings?

two-week period, no adjustments to food intake could

All 17 participants completed the study. While the

the caloric intake of every participant had been locked

researchers had aimed to keep participant weight stable

be made at this point to try and prevent further loss as

How does a DXA scan work?
DXA scans (dual x-ray absorptiometry) is one of the most accurate ways to measure
changes in lean mass, body fat, and bone density. Two methods with greater accuracy
are computerized tomography (CT) scan or undergoing an autopsy, where the different
components are cut out and weighed (we do not recommend this later method, as you
have to be dead as a prerequisite).
When you get a DXA scan, you lay down on a bed while a robotic arm moves up and
down the length of your body, emitting very low-level X-rays and measuring how many
get absorbed. The whole process if fairly quick, usually taking 3-10 minutes, and it typically delivers measurements that are within 3% accuracy. Traditionally, DXA scans were
employed to measure bone density to help detect or track development of osteoporosis. Modern machines can use equations to help calculate body fat and lean mass.
17
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ed the results of the study.
KD-1 (week 5-6) - For the first two weeks of the KD
phase, energy expenditure increased significantly.
Participants were burning about 100 kcals more per day
for 10 days. But (as shown in Figure 3) while energy
expenditure increased, participants curiously experienced a slowdown in the rate of fat mass lost, losing
only 0.44 pounds (0.2 kilograms) during KD-1. This

Figure 3: Results of fat loss
and of
energy
Figure 3: Results
fat lossexpenditure
and energy expenditure

indicates that, even though they were using more ener-
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for some of the energy expenditure. This effect would
diminish after the body becomes better adapted to running on ketones. Utilizing protein is an energy-intensive
process compared to fat or carbohydrate. This increased
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utilization of stored glucose (glycogen) may have also
displaced fat as an energy source during KD-1 as well.
KD-2 (weeks 7-8) - The spike in energy expenditure
seen in KD-1 was not sustained in KD-2, where expenditure levels almost returned to baseline levels. The
rate of fat loss picked up a bit here, as participants lost
0.66 pounds (0.3 kilograms) of fat, but this rate still
remained lower compared to BP-2. It’s possible that the
participants’ metabolisms had become well-adjusted to
the ketogenic diet and were not relying so heavily on
protein and glycogen oxidation anymore, allowing it to
burn dietary fat more efficiently.
Comparing energy deficits over the last two weeks of
both diet phases (BP-2 vs. KD-2, when participant’s
bodies had “settled in” to their diets), no significant differences were observed in either the DXA scans or the

doubly labeled water. These data, when added together
with the lower rate of fat loss seen during the KD indicates that a ketogenic diet does not confer an advantage
to fat loss over a high-carb diet when matched for calories and protein.
After transitioning to the KD, insulin secretion
decreased by 47% and participants shifted to predominantly burning dietary fat as fuel by day five. Despite
the sharp drop in carbohydrate consumption and insulin secretion, no significant increases in fat loss were
observed in the KD phase compared to the BP phase.
This finding indicates that a large decrease in insulin
secretion does not provide a fat loss advantage over
diets that produce higher total daily insulin secretion
when matched for calories and protein.
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as average fat mass loss was 2.2 pounds (one kilogram)
All participants completed the study. While ener-

over the course of six weeks. While not a substantial rate

gy expenditure increased (for ~10 days) and daily

of fat loss (0.33 pounds per week), it still may be a mar-

insulin secretions fell by 47% on the KD diet, no

ginal confounder for this study. On the other hand, if the

significant increases in fat mass loss were observed

KD condition were to provide a large metabolic advan-

compared to the BP. The rate of fat loss slowed in the

tage, as predicted by the carbohydrate-insulin hypothesis,

KD phase while energy expenditure increased. This

there should have been a substantial increase in fat loss

fat loss rate picked up in the last two weeks of the KD

while participants were on the ketogenic diet, despite

but never surpassed that of the BP. These findings

earlier fat loss. That effect was not borne out.

indicate no metabolic advantage to a ketogenic diet
over a high-carbohydrate diet when calories and pro-

No study is without limitations. The authors did not

tein intake are matched.

measure energy lost in fecal content and did not have a
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control group that didn’t receive the KD over the sec-

What does the study really
tell us?
This study provides more evidence supporting the
calories in, calories out model of obesity. The carbohydrate-insulin hypothesis predicts that diets high
in carbohydrate will drive up insulin and therefore

ond half of the study. Nor did they have a group that
received the diets in reverse order. The trial also used a
protein intake level that may be lower than what some
real-life ketogenic dieters employ. And the results cannot necessarily be extrapolated wholesale to women or
men who have a BMI lower than 25, higher than 35, or
who have various health conditions.

increase fat mass accumulation while decreasing fat loss.
However, the BP was high in carbohydrate, in particular,

The hypothesis that low-carbohydrate diets provide

refined carbohydrate (147 grams of sugar per day!) and

a metabolic advantage of up to 300-600 additional

the rate of fat loss was slightly faster than the KD phase.

calories burned per day was not seen in this well-controlled metabolic ward study.

Proponents of the insulin model have indicated that a
ketogenic diet should provide a metabolic advantage
to the tune of 300-600 more kcals burned per day due
to increased energy expenditure. And yet, while the
KD reduced carbohydrate intake by 89.7% and insulin
secretion decreased by nearly 50%, no sustained energy expenditure increases were seen beyond the first 10
days and fat mass loss did not accelerate. In fact, loss of
fat actually decreased during the period in which participant energy expenditure increased. If the keto diet
period had continued long enough, energy expenditure
and fat loss rate would probably have converged with
the baseline diet.
This study was initially designed to keep people weight
stable throughout the trial. That clearly did not happen,

The big picture

“Our data do not support the carbohydrate–insulin
model predictions of physiologically relevant increases in (energy expenditure) or greater body fat loss in
response to an isocaloric (ketogenic diet).”
This study shows that a ketogenic diet may not be a
weight loss magic bullet, and it also gives us data indicating that a CICO model may start to reach its limits at
macronutrient extremes, at least over periods of weeks.
Energy expenditure and fat loss were different on two
diets supplying the same calorie intake. These were due
to different macronutrient compositions.
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The findings of this study are a bit anticlimactic.
Imagine if the results had come back that a ketogenic

Keto diets have not been shown to significantly

diet could blast your metabolism into the stratosphere.

increase your metabolism. Want to go low-carb? Do

It would have been incredible. The public health

it. Want to go high-carb? Do it. Want to become a

approach to treating obesity would (in an ideal world)

Breatharian, eat no food ever again, and only subsist

have experienced a cosmic shift. Alas, no such para-

on the air you breathe? Please don’t do that. Both

digm-altering results were observed. These findings

high-carb, low-carb, and somewhere-in-the-middle-

build on prior research showing that insulin is not the

carb approaches can work for weight loss, so choose

primary regulator of body fat.

the one that fits your lifestyle best.

But do not despair, there is a bright side to this all.
People who dread the thought of a keto diet or don’t
This is a complimentary copy of the Examine.com Research Digest.

particularly care for the low-carb approach can be sure
that it is not the only route to sustainable fat loss.
It’s possible to go on a well-planned, whole-foods based,
ketogenic diet. Some people find that a very-low-carb
or reduced carbohydrate approach work best for them.
Many people report feeling less hungry on a low-carb
or ketogenic diet in a real world setting. Often, these
increased feelings of satiety brought about through higher protein intakes that often occur on low-carb diets. If
this is you, then keep at it, because in the end adherence
is king. If you force yourself into a pattern of eating you
can’t reliably sustain, your chances of failure are high.

Frequently asked questions:
XXL Edition
Studies like this one tend to generate a lot of press, so
many misconceptions and questions abound. To cut
through some of the hype, we’re bringing you another
round of the F.A.Q: XXL Edition, to shed some light
onto these queries.
Won’t the diet order mess up the rate of fat loss for the
second four-week period of the study?
The diet order would likely have little effect on the
results of the study. It could in theory, but only slightly
and not nearly enough to explain the slowdown in fat

Many people report feeling less
hungry on a low-carb or ketogenic diet
in a real world setting. Often, these
increased feelings of satiety brought
about through higher protein intakes
that often occur on low-carb diets.
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loss observed in the first two weeks of the KD phase.

power calculation before you begin an intervention tri-

The researchers even adjusted the calculations for ener-

al. This calculation will give you the number of people

gy expenditure to take into account the weight loss and

you will need to recruit into your study to ensure that

this did not shift the results in any meaningful way.

you can detect significant differences between groups.
The researchers of this study did perform this calcula-

Lead author Dr. Hall explains: “The study was designed

tion and found that 16 subjects were needed to reliably

such that the baseline run-in diet was intended to

detect a change of ~150 kcal/day in energy expenditure

match the typical composition of the subjects' habitual

measured in the chamber between BP and KD. In their

diet. We screened out people whose habitual diet was

actual study, they recruited 17 subjects, all of whom

too different in composition. Therefore, randomizing

completed the trial.

the diet order would introduce a significant order effect
that could confound the interpretation of the data given
This is a complimentary copy of the Examine.com Research Digest.

that the ketogenic diet would represent an extreme
change from their habitual diet upon entry to the study.”
There were missing data for some of the metabolic chamber measurements. Won’t this affect the final analysis?
The researchers collected a total of 272 days’ worth
of metabolic chamber data. Six data points had to be
excluded due to chamber malfunctions: two from the
BP phase and four from the KD phase. This accounts
for 2.2% of all chamber data collected, so it is possible
but unlikely that these exclude data points would sig-

What should I know?
The big takeaway is that a ketogenic diet does not
appear to confer a fat loss advantage over high-carbohydrate diets when calories and protein are strictly
matched (at least in this population and in the context
of the limitations of this study). How should you apply
this knowledge to your everyday life? Easy, pick the
eating style that you can stick with over the long term.
This study is not bashing ketogenic or low-carb diets,
but merely pointing out that they probably don’t confer
fat-burning super-powers.

◆

nificantly alter the analysis.
While this study won’t end the Carb Wars, it provides
What effect does the small sample size have on the

some useful fuel for discussion. Not ketogenic fuel

study results?

though. Discuss it at the ERD Facebook forum.

Good research practices dictate that you perform a
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Just chill, so you
can run faster

Running performance in the
heat is improved by similar
magnitude with pre-exercise
cold-water immersion and midexercise facial water spray

22
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Introduction

facial water spray. These methods have led to improve-

Anyone who has exercised in hot weather has experienced how difficult it is, compared to exercising in
cooler temperatures. However, many people aren’t
aware of the variety of methods that can be used to
combat the heat. For example, 30 minutes of cooling
before exercise via cold-water immersion (CWI; meaning soaking in water at 24°C/75°F) has been shown to
increase running time to exhaustion by 18%, and 60
minutes of CWI has been shown to improve 30-minute
running time trial performance by 4%. Though this

This is a complimentary copy of the Examine.com Research Digest.

sounds very appealing, it can be quite impractical to
do in real life situations. Slightly more practical, but
still not widely used, is ice slurry ingestion, which may
lead to similar results as CWI, or even better results.
Another approach to fighting the heat is to use cooling
methods during exercise. Mid-cooling, also called percooling, includes using a neck-cooling collar, ingesting
cold beverages, menthol mouth rinse, or the use of a

ments in endurance performance of 5-7%.
The exact mechanisms for performance improvements
remain to be determined, but several ideas have been
proposed. By lowering the core body temperature prior
to exercise, pre-cooling allows greater work capacity
by delaying the time it takes for the body to reach a
critical temperature, which involuntarily reduces the
exercise workload. It is also possible that the performance benefits are mitigated by changes in the central
nervous system, as shown in Figure 1. The brain is
given feedback that body temperatures are lower, permitting increased activation of skeletal muscle. This
is particularly important for exercising in the heat, as
it is thought that the contribution of the central nervous system to fatigue might be greater in the heat
than at moderate temperatures. It is likely that the
responses to pre-cooling and mid-cooling are related,

Figure 1: The role the CNS plays in exercise in the heat

Figure 1: The role the CNS plays in exercise in the heat
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but more research is needed to differentiate the effects.

ute warm-up, resulted in a 20-minute period between

Accordingly, this new study set up a head-to-head com-

the participants getting out of the tub and starting the

parison of the physiological and performance responses

trial. Although some of the benefits may have been

of pre-cooling with CWI and mid-cooling by intermit-

lost during the intervening time, it represents a prac-

tent facial spray.

tical application of CWI prior to exercise in the heat.
Participants in the facial spray trial were given three

Exercise performance is impaired in the heat, but a variety of methods exist to mitigate this decline. Pre-cooling
by soaking in cold water, and mid-exercise cooling
via facial spray are two proven methods of improving
exercise performance in the heat. This new study was

This is a complimentary copy of the Examine.com Research Digest.

designed to determine the differences between preand mid-cooling during exercise in the heat.

sprays on their face with room temperature water
(22°C/ 72°F), once per kilometer during the time trial.
Muscle activation was measured using wireless electrodes
on the upper and lower legs, and subjective ratings
were used for perceived exertion, thermal sensation (0
is unbearably cold, 8 is unbearably hot), and gastrointestinal discomfort (0 is unnoticeable, 4 in unbearably
uncomfortable). In addition to using p-values for deter-

Who and what was studied?
Nine male runners were recruited for this crossover-design study (average age 30). They had been training
regularly in the heat (at least four outdoor training
sessions for four weeks during the summer), and had a
five kilometer running time between 18 and 22 minutes
during the previous two years. Participants performed
three five-kilometer running time trials inside an envi-

mining statistical significance, effect sizes were calculated
to determine the likely benefit of each strategy.

Nine trained male runners completed five-kilometer running time trials in the heat (33°C) on three
occasions: after pre-cooling by cold-water immersion,
with mid-exercise cooling by intermittent facial water
spray, and a control condition with no cooling.

ronmental chamber set to 33°C/91°F (34% relative
humidity) under three different circumstances: pre-cooling by CWI, mid-cooling by facial water spray, or a

What were the findings?

control condition with no intervention. A fan was placed

Running performance was significantly faster after both

one meter in front of the participant, and set to simulate

CWI (24:30) and facial spray (24:36 minutes), com-

the wind speed of outdoor running conditions. During

pared with the control conditions (25:12), representing

each trial, 25 milliliters of tepid water was ingested at

an approximately 2.7% performance improvement.

the two kilometer and four kilometer marks to simulate

There were no significant differences between cooling

real-world scenarios of aid stations during races.

methods, and when considering effect sizes, the likely
benefits for using either CWI or facial spray ranged

The CWI was performed at 23-24°C (about 74°F) for 30

from “trivial” to “small” compared to the control condi-

minutes, with participants sitting in a tub of water up

tion. The five-kilometer running times themselves were

to the mid-sternum while consuming about 560 milli-

slower than might be expected (24-25 minutes), as the

liters of Gatorade sports drink. During the control and

inclusion criteria was having a time of 18-22 minutes.

spray trials, participants sat in the same position and

This is normal, however, because running times using

consumed the same amount of sports drink. The time

the particular treadmill used (Woodway Curve) are

needed to set up the equipment, along with a 10-min-

approximately 20% slower than running on the ground.
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Sweat rate was lower after CWI (1.4 liters per hour)

people are not able to soak for 30 minutes in cool water

compared to both control and facial spray (1.7 liters per

immediately prior to a race.

hour) while subjective thermal sensation was slightly
lower with both cooling conditions compared with the

The ambient temperature during the running trials

control. No significant differences were observed for

was 33°C/91°F. Considering that CWI was able to

blood lactate levels, perceived exertion, GI discomfort,

lower core body temperature to a greater degree than

oxygen consumption, or heart rate.

the facial spray, its use may be more beneficial when
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exercising in extreme heat (like the 43°C/110°F seen at
Muscle activation during the time trial was also affected

the Australian Open tennis tournament, for example).

by the cooling treatments, with activation for the gastroc-

The CWI actually kept the body cooler while the facial

nemius medial head (i.e. calf muscle) being higher than

spray seemed to only reduce the perception of heat. It

the control during the facial spray trial and activation for

seems like the former might be safer, because the latter

the vastus lateralis (part of the quadriceps muscle) being

may cause you to work harder than you should, given

higher than the control during the CWI trial. The sum of

your core temperature.

muscle activation for the measured muscles was significantly higher during both cooling conditions compared

Further considerations for this study are the very small

with control. Body temperature was measured at five

(and non-diverse) sample size, and the fact that the

places on the participants during the testing, and the

humidity was relatively comfortable during the trial. It

mean temperature was lower during the CWI trial com-

is likely that the facial spray would be less effective in

pared with both the spray and control trials.

humid conditions, as some of its cooling effects are due
to evaporation, which has less of an effect in humidity

Both cooling strategies improved performance by a
similar amount (about 2.7%) compared with the control condition. Muscle activation was greater during
both cooling trials compared with control, while
body temperature was lowered only after CWI.

What does the study really
tell us?
This study highlights a pair of potentially underutilized
ergogenic aids for athletes exercising in hot conditions.
Both pre-cooling and mid-cooling were able to similarly improve five-kilometer running performance in the
heat, though it would seem likely that events of longer
duration might benefit more from the continued use of
a mid-exercise facial spray. This is because performance
benefits from precooling are transient, and decrease
after 20-30 minutes of exercise. Convenience would
also dictate the use of facial spray over CWI, as most

compared with less humid conditions.

This study
highlights a pair
of potentially
underutilized
ergogenic aids
for athletes
exercising in hot
conditions.
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In this study, participants were not blinded to the
interventions, although they were unaware of any
hypotheses being tested. This could have had an impact
on the subjective ratings of perceived exertion and
thermal stress, and possibly even on their running
performance. Perceived exertion scores were not different among the three trials, but because performance
was improved during the cooling trials it is likely that
a greater exercise intensity was able to be reached with
the same amount of perceived effort.

The big picture
The findings from this study are in line with the
available research. If anything, the 2.7% performance improvement might even be considered to be
on the low side, compared with the 3-8% improvements reported by four different meta-analyses.
Improvements in those meta-analyses varied among the
types of cooling methods, and included the use of cold
drinks, cooling packs, a cooled room, cooling vest, and
water immersion. As seen in Figure 2, the best results

This study offers two potential ways for athletes to

(e.g. elite athletes), though recreationally trained ath-

improve exercise performance in hot weather. While

letes also showed some improvements with pre-cooling.

both interventions allowed the participants to improve
their five-kilometer running performance to a similar

This study included the use of a fan to provide a realistic

degree, the length of exercise, ambient temperature,

approximation of the wind that would be encoun-

and feasibility of interventions should dictate which

tered when running outdoors, which promotes cooling

method would work best for a given situation.

via convection and evaporation. This is important to
include, as many cooling studies have not simulated

Figure 2: Improvements in performance through cooling in
Figure 2:
Improvements
in performance through cooling
medium- versus high-level athletes
in medium- versus high-level athletes
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were found in the participants with the highest VO2max
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Reference: Wegmann et al. Sports Med. 2012 Jul.
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Reference: Wegmann et al. Sports Med. 2012 Jul.
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natural wind, which may result in an overestimation of
the benefits of cooling techniques as the body’s natural

A variety of methods exist for improving perfor-

cooling systems will not be as effective without the nat-

mance by both pre- and mid-cooling, but best

ural wind available.

practice recommendations have yet to be determined.
The ideal method will depend on the individual,

The same group of researchers have also published

duration of event, environmental temperature, and

another recent study looking at trained runners in the

logistical feasibility.

heat. Participants ran for 20 minutes at 70% intensity, followed by a three-kilometer time trial, under
four different conditions. The interventions included
pre-cooling with combined CWI and ice slurry ingestion, mid-cooling by combined facial water spray and
This is a complimentary copy of the Examine.com Research Digest.

menthol mouth rinse, a combination of all methods,
and a control group without any cooling. Performance
was significantly faster in both the mid-cooling group
and the group that received pre and mid-cooling, compared to the control group, but no improvements were
seen in the pre-cooling only group. It is possible that
the duration of the testing, which included a 20-minute
run prior to the time trial, was too long to see a benefit
from pre-cooling alone.
This is the first cooling study that has reported an
increase in muscle activation, though the effect has been
previously theorized to exist. It is thought that muscle
activation becomes reduced during exercise in the heat
due to central nervous system fatigue, or as an anticipatory measure to avoid overexertion. The results seen here
suggest that pre- and/or mid-cooling can allow a greater
work capacity before that critical point is reached.

Frequently asked questions
Are there differences between men and women?

As is usual in the exercise science research, women are
drastically underrepresented in cooling research studies.
A recent meta-analysis that pooled 18 studies had only
one that included females, which found no improvement in five-kilometer running time after pre-cooling
with an ice vest However, that study included only eight
women and only one type of cooling method, and there
is little reason to think that pre-cooling would have
very different effects on women, compared with men.
Isn’t pre-cooling the opposite of warming up prior to
exercise, so couldn’t it be dangerous?
Injuries reported during exercise after pre-cooling are
rare in the literature. Nearly all studies use warm-up
periods after cooling (the warm-up in this study is
noted in Figure 3), which can effectively warm up the
working muscles while keeping core body temperature
lower. Also, it is important to note that pre-cooling is

This is the first cooling study that
has reported an increase in muscle
activation, though the effect has been
previously theorized to exist.
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Figure 3: How mean body temperature changed during the experiment
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Figure 3: How mean body temperature changed during the experiment
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only recommended when exercising in hot environ-

minutes prior to exercise, as well as by spraying water

ments, so it will be easier for the body to warm back up

on the runner’s face during exercise. The effects of vari-

as needed.

ous cooling interventions seem to be more pronounced
in trained athletes, and when exercising in hotter envi-

What should I know?

ronments.

◆

A wide body of evidence supports the use of pre and
mid-cooling techniques to improve exercise per-

If you’re looking to shave precious seconds off your

formance in the heat. This study shows that middle

times, the results of this study are pretty COOL.

distance (five kilometers) running performance in the

Discuss it at the ERD Facebook forum.

heat can be improved by cold-water immersion for 30
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Non-celiac gluten
sensitivity: are
diagnostic criteria
around the corner?

Intestinal cell damage and systemic
immune activation in individuals
reporting sensitivity to wheat in the
absence of coeliac disease

29
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Introduction

asymptomatic, which is why other tests are required
for a diagnosis. Tissue transglutaminase is an enzyme

Over the last two decades, scientists have made tremendous progress in understanding celiac disease. We
know that it is an autoimmune disorder with both
that the consumption of wheat gluten and related proteins in rye and barley, acting as environmental triggers,
cause an immune response in the small intestine that

ly, called deamidated gliadin. Deamidated gliadin is
then presented to T-cells by other immune cells that
commonly possess the HLA-DQ2 or DQ8 regions. This
begins the autoimmune attack, as the T-cells respond by

leads to localized inflammation and cell death.

signaling an attack against the transglutaminase dealing
with the gliadin. Since it exists in the mucosal layers

A diagnosis of celiac disease involves testing for various biomarkers, because no one test for celiac disease
This is a complimentary copy of the Examine.com Research Digest.

other places) that modifies native gliadin into a form
that may stimulate the immune system more effective-

genetic and environmental underpinnings. We know

has perfect sensitivity or specificity. Although not
unanimously accepted, some experts in the field have
recommended that a celiac disease diagnosis requires
four of five criteria be met: typical symptoms of celiac
disease when consuming a diet containing gluten, elevated levels of serum IgA and/or IgG antibodies against
tissue transglutaminase and deamidated gliadin, HLA
DQ2 or DQ8 genotypes, damage to the small intestine
from gluten exposure, and improvement in symptoms
and other diagnostic markers in response to a glu-

of the intestine, the primary antibody to attack is IgA,
since this is the main secreted immunoglobulin.
Far more elusive is non-celiac gluten sensitivity
(NCGS). While it is estimated that up to 1% of the U.S.
population suffers from celiac disease, accurate figures
for the prevalence of NCGS are not available. A recent
review found NCGS prevalence rates between 0.5 and
13%, with this large discrepancy owed in no small part
to the absence of specific biomarkers for diagnosis.
Nonetheless, accumulating evidence does suggest that
NCGS is a real condition, as explored in ERD #7.

ten-free diet.
Common symptoms of celiac disease include chronic
diarrhea, weight loss, anemia, osteoporosis, and neurological disturbances. However, some patients are

found within and around intestinal cells (as well as

Recently, an expert panel provided a consensus on how
to confirm a diagnosis of NCGS in the absence of sensitive and specific biomarkers, as summarized in Figure 1.

1: Protocol for
diagnosis
FigureFigure
1: Protocol
forNCGS
NCGS
diagnosis
GFD/weekly symptom
questionaires

NCGS confirmed
Yes
Yes

NCGS suspected
6 weeks

>30% symptom
improvement?

Celiac and wheat allergy ruled out
6+ weeks on gluten-containing diet
Symptom questionaires for 3 weeks

Double-blind,
placebo-controlled
crossover challenge

GFD + Gluten
or placebo

GFD washout

GFD + crossover

1 week

1 week

1 week

>30% variation
between
gluten/placebo?
No

No
Daily symptom questionaires

NCGS excluded

NCGS excluded

Reference: Catassi, C, et al. Nutrients. 2015 Jun

Reference: Catassi, C, et al. Nutrients. 2015 Jun
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First, the individual must present with persistent intes-

supporting the idea that gluten increases intestinal

tinal and non-intestinal complaints while consuming

permeability in people with NCGS. This could hypo-

a gluten-containing diet but show normal results for

thetically allow for microbes or microbial products such

celiac disease and wheat allergy-specific blood markers.

as lipopolysaccharides (LPS) to enter into the blood-

Then, the individual must show at least a 30% reduction

stream, thus stimulating a systemic immune response.

in symptoms after following a gluten-free diet for six
weeks. Finally, the patient must undergo a double-blind,

The current study investigated whether NCGS patients

placebo-controlled crossover gluten challenge and show

showed signs of an immune response towards

at least a 30% variation between the gluten and placebo

microbial products that inappropriately entered the

challenge in symptoms.

bloodstream. This study also assessed whether this

This is a complimentary copy of the Examine.com Research Digest.

immune response would be associated with the degree
The clinical presentation of NCGS may be multi-systemic

of intestinal permeability, and if it would subside upon

and associated with a range of symptoms outside of the

the elimination of gluten in the diet.

intestinal tract, as shown in Figure 2. Some of the most
commonly reported include fatigue, headache, anxiety,

While celiac disease has clear diagnostic criteria

and an overall lack of wellbeing. Yet, the potential mech-

based on specific disease biomarkers, non-celiac glu-

anisms behind these symptoms remain unknown.

ten sensitivity lacks biomarkers for diagnosis and has
no established mechanism to explain the commonly

A small number of studies have suggested that individ-

reported symptoms unrelated to the GI tract. The

uals with NCGS display an immune response toward

current study sought to fill these knowledge gaps.

gluten. And there is evidence (discussed in ERD #8)

Figure
2: Percentage
of NCGS-suspected
patients
non-GI
complaints
Figure
2: Percentage
of NCGS-suspected
patients
withwith
non-GI
complaints
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A small number of studies have
suggested that individuals with
NCGS display an immune response
toward gluten. And there is evidence
[... supporting the idea that gluten
increases intestinal permeability in
people with NCGS.
Who and what was studied?
This study included 80 adults (about 80% female)
diagnosed with NCGS according to the expert panel
consensus mentioned previously. That is, all patients
reported symptoms when consuming gluten in the
diet that disappeared upon going gluten-free for six
months and reappeared during a blinded gluten challenge. However, none of the patients showed celiac
disease-specific IgA antibodies towards tissue trans-

Blood samples were assessed for established markers
of celiac disease, including IgA antibodies to transglutaminase and IgA and IgG antibodies to gliadin.
Other evaluated markers included IgM antibodies to
gliadin, IgG, IgA, and IgM antibodies to bacterial flagellin, and IgG, IgA, and IgM endotoxin-core antibodies
(EndoCAb). Levels of LPS-binding protein (LPB), soluble CD14, and fatty acid-binding protein 2 (FABP2)
were also measured as markers of intestinal permeability.

glutaminase, nor did they show the intestinal damage
characteristics of celiac disease.

Blood samples of adults with non-celiac gluten sensitivity or celiac disease or healthy adults without

This study also included 40 patients with diagnosed

either condition were compared for established

celiac disease and 40 healthy adults for comparison.

markers of celiac disease and explorative markers of

All three groups had blood samples collected while

non-celiac gluten sensitivity.

consuming a diet containing gluten, and 20 of the 80
NCGS patients had a second blood sample collected
after eating gluten-free for six months. Additionally,
both the NCGS and celiac disease patients provided six
intestinal biopsies of the duodenum while eating gluten,
and the NCGS patients completed a symptomatic questionnaire before and after going gluten-free.

What were the findings?
All patients with celiac disease expressed the HLA DQ2
and/or DQ8 genetic variants, compared to only 26%
of the NCGS patients (this data wasn’t available for the
healthy controls, although the authors note that 26%
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prevalence of these genetic variants is not substantially

er IgA than the celiac disease patients . Additionally,

different from the general population).

only the NCGS patients showed a significant elevation
of IgM antibodies towards native gliadin when com-

Figure 3 shows some of the main study results. Whereas

pared to the healthy controls. There was no association

all celiac patients presented with Marsh 3 grade intesti-

between IgA, IgG, or IgM antibody activity against

nal damage (see figure 2 of “A hole in the bucket” ERD

gluten and the presence of HLA DQ2 or DQ8 genotype

#8), 60% of the NCGS patients showed healthy Marsh

in the NCGS patients.

grade 0 intestinal tissue and the remaining 40% showed
an increased level of intestinal immune cells (Marsh

The NCGS patients showed significantly higher levels

grade 1). Again, this data was not available for the

of LPB, soluble CD14, and EndoCAb IgM antibodies

healthy controls, although it is safe to assume that they

compared to both healthy controls and celiac patients.

would not have signs of intestinal damage.

IgG and IgM antibodies against bacterial flagellin were
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also significantly elevated in NCGS patients compared
to healthy controls.

As expected, the celiac patients exhibited significantly elevated IgA antibodies toward transglutaminase
and IgA and IgG antibodies toward deamidated glia-

Both the NCGS and celiac disease patients presented

din when compared to the NCGS group and healthy

with significantly higher levels of FABP2 compared to

controls (which were not significantly different from

the healthy controls. Blood levels of LBP, soluble CD14,

each other). However, both celiac and NCGS patients

EndoCab IgM, and anti-flagellin IgM were significant-

showed significant elevations in IgA and IgG antibodies

ly associated with FABP2 levels in the NCGS patients

against native gliadin compared to the healthy controls,

such that an increase in one predicted an increase in

although the NCGS patients showed significantly low-

the other. A similar and significant correlation was

Figure 3: Celiac versus
Figure
versusNCGS
NCGS
Celiac

NCGS
Anti-TG2 and deamidated
gliadin antibodies
Anti-gliadin antibodies

LBP, soluble CD14,
EndoCAb antibodies
Anti-flagellin antibodies

FABP2

Marsh grade

Elevated

Smaller elevation

No elevation
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observed in the celiac disease patients for FABP2 and

which bind and neutralize LPS. This is further sup-

levels of IgA antibodies to transglutaminase.

ported by the increased level of EndoCAb antibodies
observed in the NCGS patients, which also neutralize

Finally, the 20 NCGS patients who provided a second

circulating endotoxins.
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blood sample after consuming a gluten-free diet for
six months showed significant reductions in all the

The immune response was not limited to bacterial

aforementioned variables that were significantly ele-

LPS. Serum antibodies towards bacterial flagellin were

vated when eating a gluten-containing diet. Specifically,

elevated in NCGS patients. Flagellin is the principal

reductions were observed in IgG, IgA, and IgM anti-

component of the flagellum in bacteria, an organelle

bodies to gliadin, IgG and IgM antibodies to bacterial

that allows for movement. Considering that no individ-

flagellin, and levels of LBP, soluble CD14, EndoCAb

uals in this study had an infection, these results suggest

IgM, and FABP2. However, none of these changes

that bacterial products and possibly bacteria themselves

correlated significantly with the symptomatic improve-

were able to move past the intestinal barrier and enter

ment reported by the patients.

into the body.

The NCGS patients did not present with the celiac-specific antibody responses used in obtaining a
celiac disease diagnosis, but they did present with
significant elevations in markers of systemic innate
immune activity, intestinal damage, and an immune
response towards native gliadin.

Further support of the above comes from the finding
that FABP2 was significantly increased in the NCGS
patients compared to the healthy controls and that this
increase was associated with increased levels of LPB
and soluble CD14. FABP2 is a protein found in intestinal cells that is released into the bloodstream after the
cells suffer damage. In celiac disease, greater levels of
FABP2 have been associated with a greater degree of

What does the study really
tell us?
Unlike the celiac disease patients, people with NCGS
did not display a significantly elevated antibody
response to transglutaminase or deamidated gliadin,
suggesting that the immune response in NCGS patients
targets compounds other than gluten fragments. The
gluten fragment, gliadin, is still a target, as evidenced by
the immune response against native gliadin, but it is not
the only target.
Notably, levels of LBP and soluble CD14 were elevated
in NCGS patients compared to both celiac patients and
healthy controls, suggesting that microbial products
were able to enter the bloodstream. In response to an
increase in blood levels of LPS, immune cells produce
soluble CD14 while the liver produces LBP, both of

intestinal damage.
Yet, the NCGS patients presented with generally healthy
intestinal biopsies. It is possible that intestinal damage
occurs in places other than the duodenum (where the
biopsies were taken). This is plausible because FABP2 is
expressed to a greater degree by cells farther down the
intestinal tract, in the jejunum. Alternatively, perhaps
the intestinal damage is more subtle in NCGS, at least
compared to celiac disease.
However, despite both the celiac and NCGS patients
presenting with similar levels of FABP2, and despite
the celiac patients having markedly greater intestinal
damage (Marsh grade 3 vs. grades 0 and 1 in the NCGS
patients), the celiac patients did not have increased
levels of LBP and soluble CD14. It may be that celiac
patients have the ability to neutralize the microbi34

al products at the intestinal barrier, whereas NCGS
patients have an inadequate intestinal immune response
that allows for these products to enter into circulation.
It could be hypothesized that these microbial products
are what give rise to the diversity of symptoms reported
by NCGS patients, as they travel throughout the body to
bind receptors and cause havoc. But then why was there
no association between symptomatic improvement and
reductions in the immune response upon going gluten-free? Symptoms are known to be a poor predictor
of disease activity and associated biomarkers in celiac
This is a complimentary copy of the Examine.com Research Digest.

disease, so perhaps the same may apply to NCGS.
Overall, the current study provides an image of how
objective biomarkers may look in patients with NCGS
when eating a gluten-containing diet. Future research
will need to verify these biomarkers and establish their
sensitivity (true positive rate among those with the
disease) and specificity (true negative rate among those
without the disease), but there may soon be diagnostic
criteria for NCGS.
Importantly, this study does not address the cause
of the intestinal breach, although prior research has
shown that gliadin increases intestinal permeability.
Also, the best mathematical combination of the tested
biomarkers (the PCA) was only able to predict 54% of

The big picture
Only recently has NCGS been acknowledged as a clinical condition distinct from celiac disease. However,
many aspects of NCGS remain unclear. What symptoms to patients present with? How do we distinguish
NCGS from celiac disease or a wheat allergy? How can
we diagnose these individuals?
Several double-blind placebo-controlled trials have
been published in order to ascertain the role of gluten
as a trigger of symptoms in people with presumptive
NCGS. The results have been mixed, with one trial
showing that patients who received gluten had significantly more abdominal symptoms than those on
placebo (68% vs 40%), and another trial suggesting that
NCGS patients may simply have an intolerance to fermentable, poorly absorbed, short-chain carbohydrates
(FODMAPs). Results of two other trials suggest that a
gluten challenge causes symptom recurrence in only a
minority of patients.
We are now with NCGS where we were with celiac disease 30 years ago: we think the condition exists but we
lack robust screening tools for diagnosis. This may soon
change in the coming years as we continue to build our
understanding of the immunological response characteristic of NCGS.

the NCGS cases (good, but not great) and certainly not
strong enough to generate a reliable test for NCGS.

Diagnosing NCGS remains a challenge because of a
lack of robust screening tools and established bio-

NCGS may be a condition in which the immune
system attacks foreign objects such as bacterial products and gliadin that enter the bloodstream through
a damaged intestinal barrier. This is in contrast to

markers of the disease. Several studies going solely
by diagnosis through gluten exclusion methods have
shown mixed results. The current study provides novel
insight into NCGS that future research may build upon.

celiac disease, in which the immune response is specifically targeted towards gluten, and other foreign
objects are often neutralized before they make it past
the intestinal cells.

Frequently asked questions

What is the difference in the immune response between
celiac disease and NCGS?

Both celiac disease and NCGS appear to have an innate
35
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We are now with NCGS where we
were with celiac disease 30 years
ago: we think the condition exists
but we lack robust screening tools
for diagnosis.
and adaptive immune component. The primary difference between the conditions may be that celiac disease
is autoimmune and relies more heavily on the adaptive
immune system.
Adaptive immunity is a targeted immune response
towards a specific type of invader. The current study
showed that the celiac disease patients had increased
antibodies towards deamidated gliadin and transglutaminase, which is owed to the adaptive immune
cells signaling these compounds to be sought out and
destroyed. While this was not observed in NCGS, antibodies were still targeted towards other compounds in
the blood, such as bacterial flagellin and gliadin.
The innate immune system is made up of non-specific
defenses to any pathogen. In the current study, NCGS

What should I know?
This study sought to evaluate the immune response
towards gluten among healthy controls and people
with celiac disease or non-celiac gluten sensitivity. The
results showed that people with non-celiac gluten sensitivity display an elevated systemic immune response
towards microbial products that is not observed in
celiac disease patients or healthy controls. Levels of
these microbial products were associated with proteins
released from damaged intestinal cells, suggesting that
a “leaky gut” may allow for microbial products to inappropriately enter circulation and possibly explain the
diversity of symptoms observed in non-celiac gluten
sensitivity. These findings may be the first step towards
establishing objective biomarkers for a gluten sensitivity diagnosis.

◆

patients had elevated levels of LBP and soluble CD14,
which are immune components that target bacteri-

While you still can’t walk into the doctor’s office and get

al endotoxins. In celiac disease, the innate immune

a non-celiac gluten sensitivity diagnosis, this trial gives

response appears restricted to the intestinal barrier,

some important clues as to what goes on in the body.

which is one reason it becomes destroyed over time on

Discuss it at the ERD Facebook forum.

a gluten-containing diet.
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Could fasting help
treat MS symptoms?

Diet Mimicking Fasting Promotes
Regeneration and Reduces
Autoimmunity and Multiple Sclerosis
Symptoms
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Introduction

During MS there is a loss of myelin in defined

Multiple sclerosis (MS) is an autoimmune disorder
characterized by muscle weakness and numbness, as
well as problems with vision and bladder control. It is
caused by the immune system attacking nerve-insulating myelin sheaths, which disrupts the communication
between the brain and peripheral parts of the body. The
disease is generally classified as either primary progressive MS or relapsing-remitting MS.

cord. The process leading to lesions is summarized in
Figure 1. MS is characterized by a large array of invading immune cells, such as T-cells (tissue-infiltrating
immune cells), B-cells (cells that secrete antibodies) and
macrophages (a type of white blood cell that engulfs
other cells and molecules). These cells attack and
degrade the myelin sheath, the myelin-producing oligodendrocytes, and the nerve axon. Lesion sites develop

Primary-progressive MS is characterized by a progressively worsening neurological function that is
This is a complimentary copy of the Examine.com Research Digest.

areas—known as lesion sites—in the brain and spinal

evidenced by continuous symptoms, although these
may change over time. Relapsing-remitting MS is characterized by clearly defined episodes that are separated
by periods of remission from the disease. During remission there is a complete absence of symptoms with no
apparent progression of the disease.

over time and initially result in clinically benign symptoms, but they progress to significant disabilities.
The long-term impact of MS treatments is unclear, as
most MS drugs manage symptoms and do not reverse
neurological damage. Although they have shown efficacy, these immunosuppressive drugs often come with
severe side effects. Effective and safe treatments are in
high demand and are required to mitigate autoimmu-

Oligodendrocytes are glial cells that help create the
myelin sheath around nerve axons in the central nervous
system (CNS). These cells are critical for the development of the brain and ensure correct functioning of
the nerve cells. The myelin sheath they produce acts as
insulation that protects long nerve projections (known
as axons) and facilitates the conduction of nerve signals.

nity, but also to stimulate regeneration and restore lost
functionality.
Some studies on animal models of MS have suggested
that various forms of dietary restriction, such as calorie
restriction, intermittent fasting and the ketogenic diet,
protect neurons and reduce inflammation. Studies have
also shown that periodic fasting can improve cognitive

Figure 1: Multiple Sclerosis : a proposed mechanism of action

Figure 1: Multiple Sclerosis : a proposed mechanism of action
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Some studies on animal models of
MS have suggested that various forms
of dietary restriction, such as calorie
restriction, intermittent fasting and
the ketogenic diet, protect neurons
and reduce inflammation.
function and reduce oxidative stress. A new study uti-

jection. At the onset of EAE symptoms, the mice were

lizing a diet that mimics fasting was tested to determine

put onto a diet called a fasting mimicking diet (FMD).

its effects on autoimmunity and inflammation.

The feeding schedule consisted of 50% of their normal
calorie intake on day one and 10% of their normal calo-

Multiple sclerosis is an autoimmune disorder of the
central nervous system during which the immune
system attacks and destroys the myelin sheath around
nerve axons. Most treatments for multiple sclerosis
are immunosuppressive and do not alleviate autoimmunity or regenerate the damage already caused. New
research hopes to determine the role diet and nutrition could have on overcoming multiple sclerosis.

rie intake on day two and three. The mice returned to a
normal diet on days four through seven. This cycle was
repeated three times. In between each cycle, there was
a four day period where mice were given their normal
diet. The total test period was 29 days and mice were
analyzed on a daily basis for clinical symptoms.
To ascertain the effect of a similar diet in relapsing-remitting MS patients, a randomized parallel-design
clinical pilot trial was carried out. Patients were

Who and what was studied?
Many researchers use a disease model known as experimental autoimmune encephalomyelitis (EAE) to study
multiple sclerosis. This is a demyelinating disease of the
CNS in mice and shares many clinical similarities with
MS. To induce EAE, animals are injected with myelin
antigens mixed with compounds to stimulate the
immune system into autoimmunity.
In this study, mice were immunized as described to
induce EAE between eight and fourteen days post-in-

randomly allocated to three different groups, with
20 patients in each group. One group was provided
seven days of FMD followed by six months of the
Mediterranean diet. In the second group, patients were
tested on a ketogenic diet (KD) for six months. Both
groups were controlled against a third group, in which
participants were told to maintain their normal diet for
six months.
Similar to the mouse studies, the human FMD involved
a very low calorie diet of 800 kcal on day one, followed by just 200-350 kcal on day two to day eight.
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Food was stepwise reintroduced on day nine to eleven.

munity, circulating white blood cells were measured.

Participants in the KD group were advised to eat less

FMD caused a temporary 40-50% reduction in all

than 50 grams of carbohydrates, more than 160 grams

white blood cell types. In addition, spinal cord sec-

of fat, and less than 100 grams of protein daily. The

tions showed that mice treated with FMD had a 75%

primary outcomes included quality of life analysis, as

reduction in markers for inflammation (CD11b+ cells)

well as composite scores for physical and mental health

compared to mice on the control diet. Myelin-specific

parameters. Participants also had blood taken for analy-

effector T-cells (CD4+ and CD8+ T-cells), which

sis of circulating white blood cells.

migrate into the CNS and initiate demyelination, were
also reduced after the FMD diet. By counting cells

Scientists tested the effects of the fasting mimicking
diet as a treatment on a mouse model that replicates
ticipants suffering from relapsing-remitting MS to
determine whether it was effective, safe, and feasible.

be reduced from 8.6% to 1.5% and CD8+ cells were
reduced from 1.3% to 0.4%.
There was a reduction in demyelination in FMD-treated
mice, which was hypothesized to be due to enhanced
oligodendrocyte regeneration. Oligodendrocytes are

What were the findings?

the cells that produce the myelin sheath in the CNS.

The effect of FMD against the development of EAE in

that there was significant reduction of 30.4% in the

mice was examined in the context of disease severity.
The application of three cycles of FMD reduced disease
severity regardless of when FMD was started. If FMD
was applied after 10% of the animals developed EAE,
there was a delay in disease onset and a significantly
reduced incidence rate, from 100% down to 45.6%. If
FMD was applied after 100% of the population had
EAE, there was a complete reversal of symptoms in
21.7% of the population.

Quantitative analysis of spinal cord sections showed
number of mature oligodendrocytes in mice in the control group compared to the mice in the FMD group.
To investigate whether the results in the animal study
could be replicated in humans, a randomized pilot trial
was carried out in participants suffering from relapsing-remitting MS. Patients that were prescribed either
a fasting mimicking diet or a ketogenic diet showed
meaningful improvements in health-related quality

To examine the ability of FMD to reduce autoim-

of life scores after three months, with specific results
shown in Figure 2. This included a clinically significant

Figure 2: FMD, KD, and health-related quality of life

Figure 2: FMD, KD, and health-related quality of life

0
-5

10

20

8

10
0
3

15

Mean Change in
Mental Health

5

Mean Change in
Overall Health

10

30

Mean Change in
Physical Health

15

Mean Change in Overall
Quality of Life

This is a complimentary copy of the Examine.com Research Digest.

MS. Furthermore, this diet was tested on human par-

in spinal cord sections, CD4+ cells were shown to
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five point improvement over the threshold in overall

culating immune cells that migrate to lesion sites and

quality of life of those in the FMD group. In addition,

cause demyelination. As previously shown, prolonged

the FMD group had positive changes of ten, two and

fasting comes with a substantial stress burden, as well

four points over the threshold in change in health,

as longevity-enhancing benefits. By cycling periods of

physical health, and mental health scores, respectively.

fasting and feeding, several cell types associated with
multiple systems are regenerated. With promising

The KD group on the other hand were observed to only

results in the animal model, the researchers extrapolat-

have improvements in the overall change in health

ed that this diet may be clinically relevant for humans

scores. Here, there was a clinically significant elev-

with MS.
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en point improvement over the threshold. The scores
for quality of life, physical and mental health hovered

When FMD or KD was given to relapsing-remitting MS

around clinical significance and although the mean was

participants, it was observed to be safe and well-toler-

below, the error extended beyond the clinically signifi-

ated with high compliance rates. There were positive

cant threshold.

changes in health-related quality of life scores as well
as improvements in physical and mental scores in the

To analyse the immune response in relapsing-remitting

FMD group. However, these mild improvements were

MS patients, blood samples were collected from each

the result of a single cycle of FMD and so further stud-

group. There was a slight reduction in lymphocytes and

ies on multiple FMD cycles in MS patients would be

white blood cell counts with a significant reduction of

necessary to determine whether FMD could be more

approximately 20% in total lymphocyte count in 72% of

effective. The KD group on the other hand was not

the FMD group. However, this lymphocyte reduction

as effective as FMD at improving physical or mental

reverted back to normal three months after switching

scores, but there was a significant change in the overall

to the Mediterranean diet. With regard to the ketogenic

health score. This suggests that KD has at least some

diet group, there was no significant change in lympho-

positive effects on those with relapsing-remitting MS.

cyte count from the baseline level.
By cycling feeding and fasting, biomarkers for
FMD administered for three cycles was effective at

autoimmunity and inflammation were reduced in

ameliorating symptoms in a mouse model of MS.

an animal model of MS. Translation into humans

FMD mediated these effects through immune sup-

resulted in only mild improvements. However, this

pression and oligodendrocyte regeneration. When

occurred after only one fasting cycle. Further cycles

tested in patients with relapsing-remitting MS, there

of the FMD may support the use of this regime for

were clinically significant improvements in health

people suffering from relapsing-remitting MS.

and disability scores after three months.

What does the study really
tell us?
Three cycles of a fasting-mimicking diet treatment
reduced disease severity in an animal model of MS.
This diet likely worked by reducing the number of cir-

The big picture
In mammals, the cycling between fasting and fed states
changes the levels of circulating nutrients and growth
factors. As such, metabolic processes change between
energy-consuming (anabolic) and energy-producing
(catabolic) pathways. A main driver in regulating this is
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the mTOR signaling pathway, which integrates a variety

that is involved in breaking down fat and suppressing

of environmental cues to regulate metabolic homeosta-

inflammation. With the fasting-induced shift from

sis. In nutrient-rich conditions, mTOR is activated. In

glucose to fat oxidation—as is observed during fasting

nutrient-limiting conditions, it is inhibited. mTOR has

or carbohydrate restriction—AMPK stimulation may

been shown to play a key role in controlling glucose

repress inflammatory responses, such as those present

and lipid homeostasis through its signaling cascade.

in conditions like MS or in chronic lifestyle diseases
like diabetes and obesity. Stimulation of the AMPK

Various forms of dietary restriction have been shown

pathway has been demonstrated to be important for the

to be robust interventions that increase the lifespan

activation of anti-inflammatory signaling pathways and

of a variety of organisms, from yeast to monkeys. The

thus is a promising pharmacological target for many

protective mechanism is hypothesized to be mediated

disorders associated with inflammation.

through the aforementioned mTOR signaling pathThis is a complimentary copy of the Examine.com Research Digest.

way, which has many downstream actions that could
be relevant in cancer, obesity, diabetes, and neurodegeneration. It is therefore possible that FMD benefits
autoimmunity through modulation of the mTOR pathway. Although plausible, this is speculative.

All living organisms depend on dynamic mechanisms that assess and adapt to their energy status
and demand. The proteins mTOR and AMPK play
prominent roles in maintaining homeostasis and are
implicated in pathological states such as cancer, obe-

It is also possible that FMD causes an anti-inflammatory effect through the up-regulation of a protein known
as AMPK, as shown in Figure 3. AMPK is a highly

sity, neurodegeneration, and aging. These proteins
may play a role in the benefit of fasting-related diets
for conditions like MS.

conserved energy sensor that senses fluctuations in
glucose availability and activates a signaling cascade
Figure 3: mTOR, AMPK, and Multiple Sclerosis

Figure 3: mTOR, AMPK, and Multiple Sclerosis
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Frequently asked questions

What are the differences between intermittent fasting,
alternate day fasting and the fasting mimicking diet?

As a means to weight loss, intermittent fasting (daily 12
to 20 hour fasts) or alternate day fasting (one or more
24 hour fasts in a week) can be incorporated into daily
routines and have been shown to be effective in losing weight. The FMD diet was originally developed to
improve health without the risks of a prolonged fast of
72 hours or more. The FMD would appear to rejuvenate multiple systems within the body and as recently

This is a complimentary copy of the Examine.com Research Digest.

reported, may impact systems involved in cancer, autoimmunity issues, and inflammation.

waste products and dysfunctional cellular components.
Often described as the garbage bin of the cell, this
process recycles waste that may otherwise damage the
cell. Several studies have shown that enhancement of
autophagy can increase the lifespan of many different organisms. Longevity-promoting regimes that are
associated with autophagy include fasting and calorie restriction, which have been shown to inhibit the
mTOR pathway. As previously described, the mTOR
signalling pathway is implicated in several age-related
disorders.

What should I know?
Researchers investigated a diet that mimics fasting, and

Would the fasting mimicking diet be beneficial if it was

found that it reduced symptoms in mice that had an

done continuously without resuming normal feeding?

experimental disease model similar to MS. The fasting

The researchers believe that the fasting mimicking diet

mimicking diet caused a complete recovery in some

works because it is conducted in cycles. This is because

of the mice and further analysis revealed fewer invad-

during the fast, the disease-causing immune cells are

ing immune cells. In addition, FMD reduced levels of

essentially stopped and killed off. When normal feeding

markers for inflammation, and there were observations

is resumed, normal immune cells and the myelin-pro-

of myelin regeneration at lesion sites.

ducing oligodendrocytes are regenerated. Together, this
process of cycling is how some of the mice in the study

In the second part of the study, FMD was tested on

became disease-free. It is important to note that a larger

human participants with relapsing-remitting MS, and

study in humans is required to further establish how

the researchers noted some improvements in quality of

diet and autoimmunity interact, particularly in a dis-

life and disability scores for participants who were on

ease setting.

FMD or KD.

Does diet influence longevity?
Studies have shown that fasting and low carbohydrate
diets such as the ketogenic diet directly promote autophagy. This is the process by which the cell destroys

◆

Something as simple as fasting could play a larger role in
disease treatment than many more well known treatments.
Discuss fasting and health at the ERD Facebook forum.
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Let the sun shine
in! (to your retinal
ganglion cells)

Exposure to Blue Light Increases
Subsequent Functional Activation of the
Prefrontal Cortex During Performance of
a Working Memory Task

44
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Introduction

longer wavelength light will have little to no effect on

Light allows us to see and has a huge impact on a number of physiological functions, including the regulation
of our internal biological clock, hormones like melatonin, changes in body temperature, and even changes
in alertness. For light to have these effects, it must
first travel through the retinal ganglion cells (RGCs),
which are the “output neurons” of the retina. For normal vision, light is detected by retinal photoreceptor
cells (rods and cones), then the signal gets passed on
to RGCs. For circadian rhythms, blue-wavelength is

This is a complimentary copy of the Examine.com Research Digest.

detected directly by RGCs and goes straight to the
suprachiasmatic nucleus (SCN). So, information for
both vision and maintaining circadian rhythms passes
through the RGCs at some point, but for the latter, the
light is received directly by the RGCs.

melatonin secretion. Melatonin is a hormone secreted by the pineal gland at night that helps synchronize
peripheral clocks in the body to the SCN master clock.
Exposure to blue light in the evening has been shown
to improve reaction time and increase alertness. In
addition, exposure to shorter wavelength light such as
blue or green (but not the longer amber and red wavelengths) in the morning can cause the circadian clock
to advance, as evidenced by an earlier evening onset of
melatonin production.
The effects of blue light on cognition have begun to be
explored in recent years. An interesting study conducted in an office building found that workers who were
exposed to blue-enriched white light for four weeks
reported increases in subjective alertness, performance,

The spectrum of visible light can be distinguished
according to its wavelength, with violet light being
at the short end of the visible spectrum, and red light
being at the longer end of the spectrum. A subset of
RGCs are sensitive to short wavelength light (shown in
Figure 1, short wavelength blue light is around 480 nm),
which is particularly relevant to our internal body clock.
It is this short wavelength light that is able to reduce
melatonin levels in a dose-dependent manner, while

positive mood, and concentration in comparison to four
weeks of white light exposure. Perhaps surprisingly, blue
light can work about as well as caffeine for sustained performance on tasks requiring psychomotor functioning!
To learn how light affects the brain, functional magnetic resonance imaging (fMRI) studies have been used
to show that blue light activates particular parts of the
brain that can increase levels of norepinephrine (a

Figure 1: Visible spectrum and path to the SCN

Figure 1: Visible spectrum and path to the SCN
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hormone and neurotransmitter that serves to alert the

sitting in a dark room while only being exposed to two

brain and body) and influence brain regions involved in

amber lights, to reduce the effects of any outdoor or arti-

cognitive processing. One aspect of cognition is work-

ficial light exposure they might have had in the morning.
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ing memory, which refers to temporary storage and
manipulation of information required to guide learning,

The light treatment consisted of 30 minute exposures

comprehension, and decision-making. Some studies

to either blue or amber light. The blue light was from

have looked at the effects of blue light exposure during

the commercially available Philips goLITE BLU device

working memory tests, but results have been equivocal.

that produces a narrow bandwidth of blue light. The

A recent review suggested that a blue light exposure of

amber lights came from the same manufacturer and fit

30 minutes or longer may be needed to observe per-

into the same device. After the exposure period, partici-

formance-enhancing effects, and so previous studies

pants underwent an fMRI scan, and then completed the

using shorter exposures may not have been sufficient to

working memory test approximately 40 minutes after

observe measurable changes.

completing the light exposure period.

Research in this area is fairly limited, and has yet to

The N-back test was used to measure working memory.

fully investigate whether exposure to blue light can alter

This test presents a series of letters on a screen, one at a

cognitive performance after cessation of a single dose of

time. Three conditions were used; the control condition

daytime blue light. Previous studies have tested people

(“zero-back”) had participants identify whether or not

during, but not after, light exposure. This study asked

the letter on the screen matched a predetermined let-

the question of whether the effect persists after the

ter, by pressing yes or no. In the “one-back” condition

exposure by measuring working memory performance

participants pressed a button to indicate whether the

and associated brain activation after a prior 30-minute

current letter presented was identical to the letter that

exposure of continuous blue-wavelength light.

was presented immediately before, and for the “twoback” condition participants indicated whether the

Light exposure has a large impact on a number of
physiological functions including hormonal cycles
and cognitive performance, with different wavelengths (colors) having different impacts. The goal of
this study was to measure working memory perfor-

letter shown on the screen was identical to the letter
presented two letters previously. Each condition was
tested for 42 seconds, and presented in random order
for a total of nine blocks (3 “zero-back”, 3 “one-back”,
and 3 “two-back”).

mance after participants were exposed to 30 minutes
of blue light.

Thirty-five healthy male and female participants were
exposed for 30 minutes to either blue or amber light,

Who and what was studied?

followed by functional magnetic resonance imaging
(fMRI) and a test of working memory.

Thirty-five healthy young adults (18-32 years old; 18
female, 17 male) underwent a period of controlled light
exposure, followed by cognitive testing. Participants

What were the findings?

were asked to consume their normal amount of caffeine

Participants reported sleeping an average of 6.8 hours

in the morning before coming into the lab. They were

on the night before the assessment and consumed an

then put through a 30-minute blue light washout period,

average of 0.93 caffeinated products per day. Eight
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participants (four in each group) reported having one

dorsolateral and ventrolateral prefrontal cortex, areas

caffeinated product on the morning of their assessment.

that are known to be associated with working memory
performance. Further analysis also showed a negative

The main study findings are shown in Figure 2.

correlation between ventrolateral prefrontal cortex

Participants in the blue light group responded fast-

activation and response time, meaning greater brain

er than the amber light group during the one and

activation led to faster response times. In addition,

two-back tests, while no differences were seen during

there were not any regions of the brain that were acti-

the zero-back condition. To account for the tradeoff

vated more in response to amber light than to blue light.

between speed and accuracy, a measure of cognitive
throughput was calculated using both reaction time and

After exposure to blue or amber light, participants

accuracy of the responses. Again, there were no differ-

in the blue light group were faster in their responses

ences during the zero-back condition, but participants

to a test of working memory and showed increased

This is a complimentary copy of the Examine.com Research Digest.

in the blue light group showed significant improvement

brain activation of the dorsolateral and ventrolateral

in the one-back condition and marginal improvement

prefrontal cortex.

in the two-back condition. The accuracy scores were
similar between groups, which means that participants
exposed to blue light had faster response times with no

What does the study really
tell us?

decrease in accuracy.
Results of the fMRI showed that individuals in the

This study adds to the existing research by investigating

blue light group had increased brain activation in the

the effects of sustained (30 minute) exposure to blue

Figure 2: Total reaction times (milliseconds) during N-back tests
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light and subsequent performance in cognitive testing
while measuring areas of brain activation. The practical, everyday life applications of this data are somewhat
limited due to the nature of the study design, but imply
that getting some daylight exposure prior to working
on mentally demanding tasks could be beneficial. The
results suggest these effects may persist for at least 40
minutes after cessation of the blue light exposure, but
the full time course of effects remains to be determined.
This information could be useful when selecting office or
hospital lighting, or any time someone needs to be mentally focused when they are forced to stay up overnight.
This is a complimentary copy of the Examine.com Research Digest.

The device used in the study is commercially available,

The big picture
This study suggests that light exposure can affect brain
activation during working memory tasks, even after the
light exposure has ended. In apparent contrast, other
studies have shown that changes in brain response due
to light exposure would decline within 10 minutes of
termination. A likely reason for this discrepancy is that
previous studies used light exposures lasting from less
than one minute to 20 minutes, while the duration of
light exposure in the current study was longer (30 minutes). Further research using varying combinations of
light exposure and waiting periods is needed to deter-

and devices of this type could be a useful addition to an
office setup that is deficient in natural light.
This study had several limitations worth noting.
Participants were kept in a room without any blue light
for 30 minutes, followed by one of the two light conditions (blue or amber) and then underwent the fMRI
and cognitive testing. This means that people in the
amber light group were not exposed to any blue light
for over three hours, a situation that is usually only
present during sleep. Most people would normally have
some blue light exposure on their commute to work,
as well as in their office, school, etc. This means that
during normal day-to-day life, additional exposure to
blue light could be less likely to have any measurable
effects. Also, the laboratory experiments started at 7:45
a.m., which may have been too early in the day for
some people to perform optimally, especially without
normal light exposure prior to the cognitive testing.

This study contributes to the existing literature
on light exposure and brain activation and shows
benefits of blue light exposure prior to cognitively
demanding tasks. This information could be useful
when choosing office or hospital lighting, or any time
someone has to be mentally focused during sub-optimal sleeping conditions.

The device
used in the
study is
commercially
available, and
devices of this
type could be a
useful addition
to an office
setup that is
deficient in
natural light.
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mine how the effects of light persist on brain activation

otype and time of day being tested, research on older

and cognitive performance testing.

individuals (for whom the effects of blue light on cognition may be reduced) is also needed.

Findings of the current study (correlating improved
performance on the working memory test with
increased activation of the ventrolateral prefrontal
cortex) are also in line with previous research showing
faster decision-making with similar brain activation.
Other research has suggested that when the baseline
activity in specific parts of the brainstem (the locus coeruleus, which is also involved in sleep/wake regulation)
is higher, faster response times can be observed because

Results from this study are in line with previous
research, and show that the effects of blue light exposure may persist for at least 40 minutes after the end
of exposure. This study also further confirms the
connection between blue light exposure, activation of
the prefrontal cortex, and improved working memory function.
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a lower activation is needed to reach a threshold for
response. As depicted in Figure 3, blue light can cause
increased activation in that part of the brain, which
then releases norepinephrine (also known as noradrenaline) and can affect working memory functions.
Further research is needed to determine the most
effective patterns of blue light exposure for optimal
cognition without compromising the body’s circadian
rhythms and sleep pattern. Also, because the effects of
blue light on performance may be affected by both gen-

Frequently asked questions

Can I use blue lights to compensate for getting too little
sleep?

For a day or two maybe, but not chronically. The participants in this study were fully rested, and so it is
unknown how the results would differ in a sleep-deprived state. However, there is some evidence that blue
light can improve alertness and cognitive performance
while driving overnight, and may be useful for extend-

Figure 3: Noradrenergic pathways from the
locus coeruleus

Figure 3: Noradrenergic pathways from the locus coeruleus

Locus coeruleus,
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light through SCN
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Norepinephrine, tied
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ed road trips. That being said, please don’t test your
sleepiness limits while driving with the help of blue
light. Safety first.
Are some people affected more than others by blue light?
Possibly. The mechanisms of action will be the same,
but the degree of brain activation could theoretically be
different. This study did not address genetic variations
of the participants, but variations in the melanopsin
gene and the pupillary light reflex may cause different
effects on brain activation by allowing variable amounts
of light in. This genetic variation may account for part
This is a complimentary copy of the Examine.com Research Digest.

of why some people need to avoid blue light at night
to sleep properly, while others can fall asleep with the

What should I know?
Exposure to just 30 minutes of blue light can significantly improve working memory performance in
non-sleep deprived people, with the effects persisting
for at least 40 minutes after the exposure. When access
to blue light is limited, it seems prudent to make an
effort to get outside during the daytime prior to doing a
task that requires your best mental performance, or use
full spectrum lighting. Further research is needed to
establish the best protocols for light exposure, identify
any differences between men and women and between
younger and older people, and determine if there are
specific genotypes that may be more affected.

◆

lights on.

Speaking of blue light … head over to our private Facebook forum to discuss the findings of this study.
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Mamas, don’t let your
babies grow up to be
gluten intolerant

Gluten Introduction to Infant Feeding and
Risk of Celiac Disease: Systematic Review
and Meta-Analysis

51

Introduction
Gluten, which is depicted in Figure 1, has become a hot

Figure
1: Anatomy
of gluten
Figure
1: Anatomy
of gluten
Gluten (gliadin + glutenin)

topic ever since the gluten-free food industry exploded in the last decade. Gluten consumption can be an
extremely serious issue for a little less than 1% of the
US population who have celiac disease. Celiac disease
is an autoimmune disorder caused by a combination
of genetic factors and environmental exposure to gluten. It causes the body’s immune system to overreact
in the presence of gluten and attack the tissue of the
small intestine, eventually leading to long-term damage.

Gliadin

Glutenin
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However, most people with a genetic predisposition
to celiac disease will not actually develop the disease,
despite being exposed to gluten-containing foods.
Current EU recommendations suggest introduction
of gluten between 17 and 26 weeks of age (about 4-6.5
months), ideally while an infant is still being breastfed.
However, this recommendation was based on a single
review that provided no calculation of the risk of actually developing celiac disease.
The authors wanted to provide an updated review of
the literature analyzing the timing of the introduction
of gluten, and to calculate the associated risk for the
development of celiac disease in infants by conducting
a meta-analysis of existing studies.

Map of an α-gliadin molecule
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Celiac disease, an autoimmune disorder that causes
inflammation in the small intestine after exposure
to gluten, affects a little less than 1% of the US pop-

Who and what was studied?

ulation. Development of celiac disease is due to a

The researchers identified 15 studies evaluating the

combination of genetic and environmental factors,

incidence of celiac disease after the introduction of

and while it is currently recommended that infants

gluten-containing products at different ages, and/or the

are introduced to gluten between four to six months

effects of breastfeeding on risk of developing celiac dis-

of age, there is not a lot of evidence supporting a

ease. The studies included two randomized controlled

reduction in risk by adhering to those guidelines.

trials, 13 cohort studies, and one case-controlled study.
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A randomized controlled trial is an experimental study.

up front and following them to see who develops celi-

These studies have both an intervention and a placebo,

ac disease, researchers can identify a group with the

and participants are randomly assigned to one group or

disease and then create a similar group of matched

the other. These studies are generally considered more

participants who do not have the disease. They can then

rigorous because you can compare the intervention to

assess what factors are different between the groups.

a group that did not receive the intervention. Also, the

In this case, the factor in question is the age at which

randomization reduces the chances of confounding. In

gluten was first introduced. One case-controlled study

this instance, 184 infants in two trials were randomly

of 491 children with celiac disease, and 781 matched

assigned to have gluten products introduced at either 6

controls, was included in this analysis. Figure 2 sum-

or 12 months of age.

marizes some of the strengths and weaknesses of these
different study designs.

However, randomized controlled trials are not always
vational study. These are usually larger groups (cohorts)
that are followed for a long period of time, and a number of different lifestyle and disease factors might be
assessed. There is no intervention like in a randomized
controlled trial, but correlations can be drawn between
various factors and the incidence of disease onset based
on observing the two groups. Ten cohort studies, which

Three different types of studies were included in the
meta-analysis: randomized controlled trials, cohort
studies, and case-controlled studies. The studies
looked at the timing of gluten introduction and the
associated risk of developing celiac disease. Some
also looked at the effects of breastfeeding and development of celiac disease.

in total included over 100,000 children, were included in
this meta-analysis to determine if age of gluten introduction was correlated with a later onset of celiac disease.
An observational study can also be done in reverse

What were the findings?
The researchers actually did several different analyses of
the studies, rather than one big meta-analysis.

(case-controlled). That is, instead of identifying groups

Figure
2: Studydesigns,
designs, strengths,
and weaknesses
Figure
2: Study
strengths,
and weaknesses
Study Types

Evidence Strength
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possible or practical. Another type of study is an obser-

Design

Strength

Weakness

Meta-Analysis

Combs through all available
literate on a topic to
pool and analyze data

Can provide greater
statistical power to a
research question

Time consuming and
requires advanced
statistical knowledge

Systematic Review

Presents an expert or panel
review of the available
evidence on a given topic

Can provide guidance in
areas of limited research

Can be difficult to
compare studies due
to design differences

Randomized Controlled
Trial

Randomizes participants to
receive placebo or intervention

Randomization can help
to eliminate population
bias in sample

Can be very expensive
and resource intensive

Controlled Trial

Groups are assigned to either
a placebo or intervention

Easier to blind participants
to treatment

Not randomized

Cohort Study

Follows a group to track habits
and risk factors over time

Can be easier to conduct
than an RCT

Can take years to conduct
a single study

Case Control Study

Compares histories of groups
with and without a
disease or certain outcome

Helps identify potential
risk factors

Often confounded
by recall bias

Detailed account of
individual cases

Help identify new trends

Not generalizable

Evidence Summaries

Experimental

Observational

Case Report

53

First, they looked at the two randomized controlled

of weaning. In both meta-analyses, the results only

trials, both of which compared infants whose parents

trended towards significance rather than being statis-

introduced gluten-containing foods at six months,

tically significant, but showed that children with celiac

compared to at twelve months. There was no difference

disease were less likely to have been breastfed overall,

in the risk of developing celiac disease between the

and specifically less likely to have been breastfed at the

groups that had gluten introduced at the earlier time

time of weaning onto solid foods.

point versus the later time point.
Five of the cohort studies and the case-controlled
study looked at the introduction of gluten at four to six
months (the current recommendation) versus after six
months. In the meta-analysis of the cohort studies, a
This is a complimentary copy of the Examine.com Research Digest.

25% increase in risk was seen with a later introduction
of gluten, compared to introducing gluten at four to six
months. However, the case-controlled study showed the
opposite result: the children who had celiac disease were
more likely to have been introduced to gluten before six
months of age than after, and there were no statistically
significant differences after controlling for other factors.
Four of those five cohort studies also looked at early
introduction of gluten, prior to four months of age.
There was no increase in risk seen when this population
was compared to either infants who had gluten introduced at the recommended time of four to six months,
or at the late time of after six months. Here, the results
of the case-controlled study were in agreement with the
meta-analysis of the four cohort studies.
A separate set of four cohort studies evaluated the time
of gluten introduction continuously, rather than simply
in two to three time periods. Like most of the previous
data, neither the individual studies nor the meta-analysis
of the four studies found any increased risk of celiac disease relative to the time at which gluten was introduced.
Finally, 11 of the cohort studies (seven which were
included in other analyses, plus four other studies)
looked at the effects of breastfeeding on the development of celiac disease. Five evaluated breastfeeding,
and six evaluated breastfeeding specifically at the time

One meta-analysis of five of the cohort studies, which
looked specifically at late gluten introduction compared
to introduction at the recommended time of four to
six months of age, noted a 25% increase in the risk of
developing celiac disease in the late gluten introduction
group. Eleven of the 15 studies looked at the effects
of breastfeeding, and there was a non-statistically significant trend that associated a reduced risk of celiac
disease with infants who were breastfed overall and
during the weaning period when solid foods (including
gluten-containing foods) were being introduced.

What does the study really
tell us?
In short, the data and meta-analyses together show little
support for a correlation between the time that gluten
products are introduced into an infant’s diet and their
risk for developing celiac disease. Only the cohort study
analysis showed a slight increase in risk with late gluten
introduction; the more rigorous randomized controlled
trials found no effects.
There may be a possible correlation between infants
who are breastfed and a lower risk for celiac disease,
and specifically if they are still being breastfed at the
time of weaning onto solid food, but the data presented
here did not quite reach statistical significance. Those
particular studies also showed a high level of heterogeneity. Ideally when combining study data together for a
meta-analysis, you would want the studies to have similar designs in terms of population, intervention, and
other factors. The more dissimilar the studies are, the
54

higher the measure of heterogeneity in the meta-analysis, meaning that it is more challenging to draw firm

The data from the 15 analyzed studies did not sup-

(and statistically significant) conclusions about the

port the current recommendations to introduce

meta-analyzed data.

gluten only between four to six months of age. There
may be some benefit to breastfeeding while introduc-

The researchers had also been interested in the amount

ing gluten-containing foods, but the data here were

of gluten that was first introduced to the infant, but the

not statistically significant. More research is need-

studies they identified in this review were not consistent

ed to determine the effects of breastfeeding and the

in the amounts measured and thus a meta-analysis could

amount of gluten ingested during the introduction of

not be conducted. Some of the studies showed correla-

gluten-containing foods.

tions between larger amounts of gluten and increased
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celiac disease risk, while others showed no differences.
One of the strengths of the overall meta-analysis is that
it included infants that were at a higher risk for developing celiac disease due to family history, as well as infants
who had no familial history and thus had a normal risk
level. Both randomized controlled trials, however, were
conducted in at-risk infants only. While this limits the
applicability of the results to a broader population, it
actually provides more support for the hypothesis that
gluten timing does not influence the development of
celiac disease, since both trials were negative.

The big picture
Research is ongoing, and additional studies are being
conducted in this area. After the data in this review
was analyzed, but before publication of the results,
two additional randomized controlled trials and one
additional cohort study were published. The researchers were unable to include these three studies in their
meta-analysis but noted that all three studies also
showed no correlation between the timing of gluten
introduction and development of celiac disease.

One of the strengths of the overall
meta-analysis is that it included
infants that were at a higher risk for
developing celiac disease due to
family history, as well as infants who
had no familial history and thus had a
normal risk level.
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Shortly before the publication of this paper, the
researchers who conducted the original review (which

An additional updated review and meta-analysis,

the EU guidelines were based upon) published an

plus three recent publications (two trials and one

updated review and meta-analysis. In that study, they

study), all support the conclusions of this study that

reached the same conclusion that this study did: that the

there is little to no statistically significant relation-

current research did not support the guidelines of gluten

ship between the timing of gluten introduction and

introduction between four to six months only, and that a

the risk of developing celiac disease.

revision of the EU guidelines should be considered.
This review and meta-analysis is important, because it
can be challenging to study diseases with low prevalence due to the difficulty in enrolling sufficient patients
This is a complimentary copy of the Examine.com Research Digest.

to adequately power a study for statistical significance.
By combining studies together in a meta-analysis, it is
easier to achieve a sufficiently large study ‘population’
so that conclusions can be drawn from the larger data
set with more confidence.

Frequently asked questions

Were other factors controlled for in the studies?

The authors noted that other untested factors could also
play a role in celiac disease susceptibility (such as, but
not limited to, those shown in Figure 3), so there could
be other things affecting the risk for developing celiac
disease. Neither of the randomized controlled trials
also looked at whether the infants were breastfed. The

Figure 3: Contributing
causes of
of Celiac
Disease
Figure 3: Contributing
causes
Celiac
Disease

Increased Gut Permeability
Immune Response

Human
Genome

Gluten

Environmental
Factors

Celiac Disease

Microbiome
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same was true for three of the cohort studies included
in the clinical trial. The amount of gluten introduced
was also not controlled for in the studies. As such, there
could be other factors related to gluten consumption
besides timing that might influence the risk for developing celiac disease, which would require additional
study and meta-analysis to tease apart.
Why did the EU make their recommendations on the
timing of gluten introduction?
The position paper citing the EU gluten introduction
guidelines contained a number of other recommendaThis is a complimentary copy of the Examine.com Research Digest.

tions about breastfeeding, introduction of potentially
allergenic foods such as eggs and fish, and caution for
vegetarian diets in infants. In each case, recommenda-

What should I know?
Meta-analyses of 15 studies looking at when gluten-containing foods were introduced to infants and
their subsequent risk for developing celiac disease
mostly failed to find a correlation between timing and
development of the disease. One meta-analysis found a
slight increase in risk with late gluten introduction after
6 months of age, but the remaining meta-analyses were
negative. There may be a correlation between increased
rates of breastfeeding and reduced risk of developing
celiac disease, but more study is needed. For now, there
is little conclusive evidence that any specific timing
of gluten exposure will affect the risk of celiac disease
development.

◆

tions were made on the basis of available information
at the time. The authors of the original review gave the

To discuss this study and your favorite gluten-contain-

caveat that clear evidence was still lacking, and science

ing foods (or favorite gluten-free substitutes), visit the

and nutrition guidelines are constantly being revised

ERD Forum on Facebook.

with new information. It remains to be seen whether
the EU will update their guidelines on the basis of this
new review and meta-analysis, in addition to the several more recent studies noted above.
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Milk gone
bad: A1 betacasein and GI
distress
Effects of milk
containing only A2
beta casein versus milk
containing both A1 and
A2 beta casein proteins
on gastrointestinal
physiology, symptoms
of discomfort, and
cognitive behavior
of people with selfreported intolerance to
traditional cows’ milk
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Introduction
Milk is an important food for young infants and a common source of nutrition among adults. However, many
humans stop producing the lactase enzyme responsible
for digesting the milk sugar lactose after weaning, a condition called lactose intolerance. When individuals with
lactose intolerance consume lactose through milk or
other forms of dairy, they may experience varying forms
of gastrointestinal (GI) distress, including abdominal
pain, bloating, gas, nausea, and diarrhea. These symptoms are caused by the fermentation of lactose in the

This is a complimentary copy of the Examine.com Research Digest.

colon, since it was not absorbed in the small intestine.
Roughly 65% of the human population is considered
to have a reduced ability to digest lactose after infancy.
However, the prevalence of true lactose intolerance is
difficult to discern because studies have varied in their
interpretation of what constitutes this condition. Many

The beta-casein proteins are degraded into beta-casomorphins (BCMs) during the digestive process. The
main difference between A1 and A2 beta-casein is that
A1 beta-casein produces BCM-7 upon digestion while
A2 beta-casein does not. There is a growing body of
evidence suggesting that BCM-7 is bioactive and is
associated with inflammation and several disease states,
such as diabetes and coronary heart disease. However,
these associations are not without criticism.
Up until now, nearly all the evidence investigating
health effects of BCM-7 and the beta-casein variants
has been observational or conducted in test tubes and
animals. The current study was designed to compare
the human health effects of consuming milk containing
only A2 beta-casein with milk containing A1 beta-casein type in terms of GI function, symptoms, and
inflammation.

surveys rely on self-reported lactose intolerance, but
many individuals who self-report lactose intolerance

The two common forms of casein present in milk are

show no evidence of lactose malabsorption.

A1 beta-casein and A2 beta-casein, which differ as a
result of a genetic mutation in cattle over 5,000 years

An alternative explanation for the high levels of self-re-

ago. There is observational, test tube, and animal

ported lactose intolerance may be the type of protein in

evidence to suggest that A1 beta-casein may promote

milk. The two major protein groups in milk are whey and

inflammation and be linked to inflammatory disease

casein, with the latter accounting for about 80% of total

states. The study under review put this to the test in

protein. The most common genetic variants of casein pro-

humans.

tein in milk are A1 beta-casein and A2 beta-casein.
A2 beta-casein is recognized as the original form of
beta-casein and is the only beta-casein found in the
milk of purebred Asian and African cattle. The A1
beta-casein variant is found among cattle of European
origin and is believed to have arisen more than 5,000
years ago. Accordingly, most milk sold commercially is a combination of A1 and A2 beta-caseins, as it is
sourced from European cattle or other cattle that have
been crossbred with European cattle. Examples include
Guernsey cows, Holsteins, and Ayrshires. Human
milk and milk from goats and sheep contains only A2
beta-casein.

Who and what was studied?
This was a double-blind, randomized crossover trial in Shanghai, China in which 45 middle-aged men
and women consumed 250 milliliters of milk after two
meals per day for 14 days. All participants were of Han
Chinese ancestry. They had a self-reported intolerance
to commercial milk (moderate digestive discomfort)
and did not regularly consume dairy, but none had irritable bowel syndrome or inflammatory bowel disease. A
urinary galactose test confirmed that 23 of the 45 participants were lactose intolerant.
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Figure
1: Study design
Figure 1: Study
design
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Participants maintain daily recording of adverse events, gastrointestinal symptoms, trial milk intake, dietary adherence

Figure 1 summarizes the study design. Over the course of

dairy products other than those provided was prohibited.

eight weeks, each participant went through two two-week
milk phases and two two-week washout phases. During

Participants used daily diaries to record milk intake, GI

the milk phases, the participants consumed either a

symptoms using the Bristol Stool Chart (a medical aid

milk containing only the A2 beta-casein (from cows

that classifies faeces into seven groups), and adverse

confirmed to be A2-only producers) or a milk containing

events. At the beginning and end of each two-week milk

a combination of A1 and A2 beta-casein (milk contain-

phase, the participants underwent a computer-based

ing only the A1 beta-casein is not commercially available

test that measured the speed and effectiveness of infor-

and the A1/A2 combination is standard in consumer

mation processing (Subtle Cognitive Impairment Test;

milk). All participants completed both milk phases,

SCIT) and laboratory testing that included the use of a

with half beginning with the A2-only intervention and

smart pill (depicted in Figure 2) to record stomach and

half beginning with the A1/A2 intervention. Aside

intestinal inflammation and physiology. In addition to

from the differences in casein type, the milk was iden-

the self-reported milk intake diary, the counting of milk

tical. During the entire eight weeks, the consumption of

cartons was used to assess compliance.

Figure 2: Functions
a SmartofPill
Figure 2:ofFunctions
a Smart Pill

Smart Pill
(OMOM Capsule)

Replaced more cumbersome
methods that involved
collecting and X-raying
fecal matter (gross).

Certain models can
wirelessly transmit information.

Some can record pictures
or videos that can be used
for diagnosing GI diseases.

Uses pH, pressure, and
temperature to measure
transit time.

Reference: Timm et al. Br J Nutr. 2011 May.

Reference: Timm et al. Br J Nutr. 2011 May.
60

Using data from the smart pill, consumption of A1/A2
This double-blind, randomized crossover trial had

milk was associated with significantly longer GI transit

45 middle-aged, dairy-intolerant Chinese men and

time than consumption of A2 only milk, by about six

women consume 250 milliliters of milk twice daily

hours (40 vs. 34 hours, respectively, as seen in Figure 3).

after meals for two weeks. The milk contained either

This was due to a significantly longer transit time in the

only A2 beta-casein or both A1 and A2 beta-casein.

colon. Intestinal inflammation improved in 36% of par-

Measurements of GI function and inflammation, as

ticipants and stomach inflammation improved in 23% of

well as cognitive function, were assessed before and

participants after switching from A1/A2 milk to A2 only

after each intervention.

milk. By contrast, intestinal and stomach inflammation
both improved in 11% of participants when switching
from A2 only milk to A1/A2 milk. Almost all other par-

What were the findings?

ticipants showed no difference between milk types.

to significantly greater increases in interleukin-4 (IL-4),
immunoglobulin (Ig) G, IgE, and IgG1 compared to the
consumption of milk containing A2 beta-casein only.
Additionally, A1/A2 milk significantly reduced fecal levels
of total short-chained fatty acids (SCFAs), acetic acid, and
butyric acid. The latter two are specific types of SCFAs.

Consuming A2 only milk was associated with significantly quicker response time and lower error rate on
the SCIT than consuming A1/A2 milk.
Data was re-analyzed comparing individuals with confirmed lactose intolerance to those without. Consuming
A1/A2 milk was associated with significant worsening of GI symptoms in both groups, with the lactose

GI symptoms significantly worsened with A1/A2 milk

intolerant group exhibiting worse symptoms than

only compared to baseline. Specifically, consuming

the tolerant group. This was not observed with A2

A1/A2 milk resulted in more bloating, flatulence, and

only milk, as GI symptoms were comparable to those

borborygmus (the rumbling or gurgling noise made by

observed after the dairy-free washout period in both

the movement of fluid and gas in the intestines). Stool

lactose tolerant and intolerant individuals. Moreover,

frequency and stool consistency were also significantly

the GI symptom scores between lactose tolerant and

increased compared to baseline with the consumption

intolerant groups were not significantly different from

of A1/A2 milk, but not with the consumption of A2

one another when consuming A2 only milk.

only milk.

Figure 3: A1/A2 gastrointestinal
transit time
Figure 3: A1/A2 gastrointestinal
transit time
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Consumption of milk containing A1/A2 beta-casein led
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Both lactose tolerant and intolerant individuals showed

This study also suggested that some GI symptoms

similar increases in whole GI and colon-specific transit

ascribed to lactose intolerance were present only with

times with A1/A2 milk compared to A2 only milk. Both

the consumption of milk containing A1 beta-casein.

groups also showed significant increases in IL-4, IgE,

Both milk products contained equal amounts of lactose,

and IgG1 and significant decreases in total SCFAs with

which reinforces the concept that the differences in

A1/A2 milk vs A2 only milk.

outcomes were driven by the presence or absence of A1
beta-casein.

The primary adverse event was diarrhea and was reported by 10 of 45 participants (22%). Of these, eight were

This study has notable limitations, such as the purely

owed to the consumption of A1/A2 milk, three related

Han Chinese study sample group. It’s also unclear how

to A2 only milk, and three unrelated to either milk.

a longer time frame would have impacted the results,
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which future research will need to investigate, considConsumption of milk containing only A2 beta-casein
was associated with significantly less serum inflammation and GI symptoms than milk containing both
A1 and A2 beta-caseins. A2 milk was also associated with significantly greater SCFA production and
cognitive ability on the SCIT test. Individuals with
lactose intolerance reported similar GI symptoms as
those without lactose intolerance when consuming
A2 only milk but reported worse symptoms with A1/
A2 milk.

What does the study really
tell us?
The study under review shows that consuming milk
with only A2 beta-casein is associated with reduced GI
symptoms, lower concentrations of inflammatory biomarkers, greater SCFA production in the colon, shorter
GI transit time, and shorter response time and lower
error rates on the SCIT compared with milk contain-

ering that milk consumption is often consistent and
prolonged in real life. In addition, this study focused
solely on GI symptoms, so any non-GI effects of A1
and A2 beta-caseins were not tested.
Finally, this study was funded by The a2 Milk Company
Limited. One of the six authors was also an employee
of this company, but he was not involved in performing the study or data analysis. Rather, he conceived and
designed the study, selected variables of interest, and
contributed to the manuscript.

This study tells us that consuming milk containing
only A2 beta-casein may result in less GI distress and
inflammation than consuming milk containing both
A1 and A2 beta-caseins. This applies to individuals
with and without lactose intolerance. More research
is needed to determine if these effects are observed in
populations other than the Han Chinese and if duration of consumption plays a mediating role.

ing both A2 and A1 beta-caseins. The increased SCFA
production, primarily butyrate and acetate, is especially
notable considering that SCFAs play a prominent role
in human health and mediate the beneficial health
effects of fiber consumption. The shorter GI transit
time is difficult to interpret, as whether this may aid
with constipation or lead to diarrhea would depend on
the baseline transit time of the individual.

The big picture
Studies using rats and mice have demonstrated that A1
beta-casein exhibits inflammatory properties mediated
by opioid receptors in the gut. This supports the findings of the current study, but its implications remain
unknown. It is notable that the rat study also found A1
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beta-casein to increase the production of the enzyme

on the SCIT in the current study support the above,

dipeptidyl peptidase 4 (DPP4) in the small intestine.

as elevated levels of inflammatory markers have been

DPP4 degrades hormones that help regulate insulin

shown to play a role in Alzheimer’s disease and an

secretion and blood glucose levels, and DPP4 inhibitors

impairment of executive function and processing speed

are widely used in the management of type 2 diabe-

in the elderly, even after controlling for age and other

tes. It is therefore possible that long-term exposure to

health-related factors. Cognitive impairment has also

A1 beta-casein may have an effect on blood glucose

been observed in newly-diagnosed patients with celiac

management, although future research will need to

disease, which improves with adherence to a gluten-free

investigate this.

diet. It is well-known that gluten elicits a powerful
immune and inflammatory response in these individuals.
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The inflammatory opioid effects of the A1 beta-casein
derivative, BCM-7, have also been postulated to affect

The reduction in SCFAs in the colon could be owed to

the brain. This has been offered as one potential expla-

an excessive production of mucus that normally pro-

nation for the delayed psychomotor development in

vides a protective barrier and home to the microbiome.

cow milk formula-fed infants compared to breastfed

This is because the microbiome organisms are respon-

infants, as human breast milk contains only A2 beta-ca-

sible for producing SCFAs as a byproduct of eating the

sein. Additionally, some studies have associated A1

fiber we cannot digest. The A1 beta-casein derivative,

beta-casein and BCM-7 with neurological diseases like

BCM-7, has been shown to increase mucus production

autism, schizophrenia, and psychosis.

in test tubes and in rats. Whether these changes occur
in humans and whether they have a physiological effect

The finding of increased response times and error rates

remain unknown. However, SCFAs play a prominent

The inflammatory opioid effects of
the A1 beta-casein derivative, BCM-7,
have also been postulated to affect
the brain. This has been offered as
one potential explanation for the
delayed psychomotor development
in cow milk formula-fed infants
compared to breastfed infants
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role in human health, such as through improved blood
glucose control and insulin sensitivity, and their reduc-

A1 beta-casein and its derivative, BCM-7, have shown

tion would be unfavorable.

a range of effects both in test tubes and in animal
models. This includes promoting inflammation that

Much of the evidence supporting the inflammatory

has the potential to disrupt blood glucose manage-

role of A1 beta-casein is observational or stems from

ment and cognitive function over the long-term.

studies performed in test tubes and animal models. Any

Data from human trials is limited but does support

human evidence is largely anecdotal and unreliable.

the inflammatory findings. However, more research

The only other human trial to investigate differenc-

is needed to investigate the long-term impact of A1

es between A1 and A2 beta-casein was conducted in

beta-casein consumption.

41 men and women from Western Australia. Using
an eight-week crossover design similar to the current
This is a complimentary copy of the Examine.com Research Digest.

study, this previous work showed that A2 milk was
associated with less bloating, abdominal pain, flatulence, and voiding difficulty than A1 milk. The current
study confirms and extends these findings. Notably, this
previous trial used 750 milliliters of milk daily and an
A1 beta-casein only milk as the comparator to the A2
milk. The current study used less milk (500 milliliters
per day) and a commercially available combination
milk (A1 plus A2), both of which make these results
more applicable to the general population.
It is possible that the milk sugar lactose interacts with
BCM-7 to mediate the observed effects. This is supported by the current study findings that individuals with
lactose intolerance did not report a worsening of GI
symptoms with the consumption of milk containing A2
beta-casein only. Perhaps the inflammatory properties
of BCM-7 affect the production of the lactose-degrading enzyme, lactase, leading to malabsorption in
normally lactose-tolerant individuals. Perhaps BCM7 changes the microbiome in a manner that makes it
more susceptible to lactose fermentation. These are
plausible theories, but require further testing.

Frequently asked questions

Where can I buy milk that contains only A2 beta-casein?
A2 beta-casein is the only beta-casein found in human,
goat, and sheep milk, making these forms of dairy a
safe bet for reducing exposure to A1 beta-casein. The
a2 Milk Company also produces a milk from selectively
bred cattle that contains only A2 beta-casein, but this
product is not commonplace in the U.S. It is sold as a
premium product in Australia and New Zealand.

What should I know?
Although only two human trials have been published
comparing milk that contains A1 beta-casein to A2
beta-casein, both have shown that A1 beta-casein results
in greater GI distress. The current study adds to this by
showing that it is also associated with increased intestinal inflammation and reduced cognitive functioning.
These findings support test tube and animal research
that has found similar effects. The current study also
suggests that some individuals with self-reported lactose
intolerance may be reacting to A1 beta-casein rather
than lactose, as they do not show symptoms when consuming milk containing only A2 beta-casein.

◆

Given the massive amount of dairy consumed in the world, you’d think A1 and A2 milk would be more widely studied. Hopefully this trial spurs further research. Discuss it at the ERD private Facebook forum.
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Does omega status
depend on your genes?

Positive selection on a regulatory insertiondeletion polymorphism in FADS2 influences
apparent endogenous synthesis of
arachidonic acid
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Introduction

ia. While selective pressure has occurred throughout

Anatomically modern humans first appeared in East
Africa nearly 200,000 years ago. Since then, humans
have spread out to colonize most of the Earth, forcing
adaptation to a wide range of new habitats and climates.
These new environments and challenges to our survival likely resulted in powerful selective pressures (the
driving forces of evolution and natural selection that
alter the survival ability of an organism) on our DNA,
leading to new gene variants, and combinations thereof,
that were better suited for survival. These gene variants
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are called alleles, while specific combinations of alleles
are called a genotype.

human evolution, the agricultural revolution and greater population sizes that began 10,000 years ago have
accelerated the rate at which we are able to observe
evolutionary changes.
The process of natural selection at a genetic level works
in two ways. A random mutation could appear that is
beneficial in the current environment, or a new environmental stress appears that makes an already existing
genotype beneficial to have. In either case, the organism
carrying the beneficial allele (whether new or preexisting) has a survival advantage and is likely to reproduce
and pass it on to offspring. The chunks of DNA con-

Recent examples of human evolution through natural
selection include genetic changes in response to malaria, changes that favor lactose (milk sugar) consumption
in adulthood, and changes that regulate brain size. For
malaria, the selective pressure was the malaria virus,
which increased the survivability of individuals who
carried a mutation for sickle cell anemia because this
mutation is highly protective against dying from malar-

taining a specific set of alleles that tend to be inherited
as a unit are called haplotypes, as pictured in Figure 1.
Some of the many genes being explored for variation in
modern humans are the fatty acid desaturase (FADS)
genes, which code for the enzymes responsible for
transforming the shorter-chained omega-3 and omega-6 fatty acids into their long-chained derivatives.

Figure 1: Alleles, genotypes, and haplotypes

Figure 1: Alleles, genotypes, and haplotypes
First copy of a
chromosome
Gene 1

Gene 2

Allele A for gene 1

Second copy of
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Allele B for gene 1
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for gene 1

Allele X for gene 2

Allele X for gene 2

Haplotype AX for genes 1 and 2 on
first copy of the chromosome
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Specifically, FADS1 codes for Δ5-desaturase and FADS2

The authors of the current study have previously

codes for Δ6-, Δ8-, and Δ4-desaturases.

identified a genetic variant in the haplotype called
rs66698963. This variation can come in two flavors:

Research has also demonstrated marked genetic vari-

with some code inserted (the “I” version) or that code

ation in the FADS gene cluster between populations.

deleted (D). Carriers of two “D” alleles (D/D geno-

Individuals living in Africa appear to have a FADS

type) displayed significantly lower levels of the FADS1

genotype that promotes more efficient conversion of

enzyme than carriers of two “I” alleles (I/I genotype).
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shorter-chained polyunsaturated fatty acids into their
long-chained derivatives, whereas the Greenlandic Inuit

Collectively, the above information led the authors

show a genotype that reduces conversion ability. One

of the current study to hypothesize that individuals

proposed hypothesis about the mechanisms responsible

carrying the D/D genotype of rs66698963 would have

for these genetic differences is diet. Populations with

a lower metabolic capacity to produce long-chained

low consumption of the long-chained polyunsaturat-

polyunsaturated fatty acids from precursors than

ed fatty acids, such as Africans, would need enhanced

individuals carrying I/I. They were also interested in

conversion ability to supply the body’s demands. By

exploring how global populations differed in their gen-

contrast, the Inuit consume a diet rich in seafood that

otype frequency distribution. This is important because

contains preformed long-chained fatty acids, thus

if this hypothesis is true, then some people may have to

reducing the need for conversion.

eat more long-chained omega-3 and omega-6 polyun-

Populations with low consumption
of the long-chained polyunsaturated
fatty acids, such as Africans, would
need enhanced conversion ability
to supply the body’s demands. By
contrast, the Inuit consume a diet rich
in seafood that contains preformed
long-chained fatty acids, thus
reducing the need for conversion.
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saturated fatty acids due to a lower capacity to make it

try, five populations of East Asian ancestry (Chinese,

themselves. This need may depend on the diet history

Vietnamese, and Japanese), and five populations of

of your ancestors.

South Asian ancestry (Indian, Pakistan, Bangladesh,
and Sri Lanka) for analysis.

To this day, humans continue to evolve in response
to environmental stressors and changes in habitat.
One such adaptation is our ability to produce longchained polyunsaturated fatty acids from dietary
precursors, which is influenced by the FADS gene
cluster. The study under review sought to determine whether genetic variation in FADS would
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be associated with long-chained polyunsaturated

The fourth and final part tested for natural selection
signals in the region surrounding rs66698963 using
the 1000GP dataset. The researchers used genetic techniques (Site frequency spectrum-based statistical tests
and haplotype-based statistical tests) to determine
if natural selection is favoring a specific genotype of
rs66698963 in each of the populations.

fat concentrations and how variation differed by
population.

The study under review evaluated the genotype
frequency of rs66698963 among two small groups

Who and what was studied?
The current study is divided into four parts. The first
part determined the allele and genotype frequencies of
rs66698963 in a historically vegetarian population from
Pune, India (234 men and women) compared to a historically omnivorous population from around the U.S.

known to be culturally omnivorous or vegetarian,
and compared these genotypes to the concentration
of omega-6 fatty acids in red blood cell membranes.
Additionally, the genotype frequency was determined
for 22 global populations alongside evaluation of
whether certain genotypes were favored in some populations compared to others.

and British Columbia, Canada (311 women).
The second part evaluated the association between

What were the findings?

rs66698963 genotype and the polyunsaturated fat con-

In the omnivorous U.S.-based cohort, the frequency of

tent of red blood cell membranes of 199 individuals

having two “D” alleles (D/D genotype) was 43%, the

from the U.S. cohort. These individuals all lived in

frequency of having one “D” and one “I” allele (I/D

Kansas City and were 16-36 years old. No blood was

genotype) was 39%, and the frequency of having two “I”

collected from the Indian cohort, preventing determi-

alleles (I/I genotype) was 18%. An opposite trend was

nation of fatty acid concentrations.

found in the vegetarian Indian-based cohort, with the
frequencies being 3%, 29.5%, and 67.5%, respectively.

The third part of the study used genetic data from the

The observed allele frequency was 62% for “D” and 38%

1000 Genomes Project (1000GP) to estimate the glob-

for “I” in the omnivorous cohort, whereas these val-

al genotype frequency of rs66698963. This database

ues were 18% for “D” and 82% for “I” in the vegetarian

provided information on 2504 individuals from five

cohort. Therefore, the D allele, which codes for lower

continental regions and 26 global populations. Four

FADS1 levels, was more common among omnivores,

American populations were excluded because of the

while the I allele, which codes for higher FADS1 levels,

large ethnic diversity, leaving seven populations of

was more common among vegetarians.

African ancestry, five populations of European ances-
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As seen in Figure 2, analysis of red blood cell

Han Chinese in Beijing and the Japanese in Tokyo

membranes showed that long-chained omega-6 poly-

(both East Asian) was similar to that of African popu-

unsaturated fatty acid concentrations were significantly

lations. The distribution of the D/D genotype followed

and consistently related to genotype. Individuals

an opposite pattern, being modest in European popu-

with the I/I genotype of rs66698963 showed signifi-

lations (25%), lower in East Asian populations (16%),

cantly greater amounts of arachidonic acid (20:4n-6)

and lowest in African (5%) and South Asian (2%)

and adrenic acid (22:4n-6) than those with the D/D

populations.

ma-linolenic acid (20:3n-6). Individuals with the I/D

Researchers used site frequency spectra to show that

genotype showed levels of these fatty acids between the

natural selection signals on rs66698963 and FADS1

D/D and I/I genotype. However, there was no differ-

were observed in African and South Asian populations,

ence in linoleic acid (18:2n-6) concentrations among

but not in European populations when analyzed as a

D/D, I/D, or I/I. The authors did not report data on the

whole. Using haplotype-based tests produced results

concentrations of omega-3 fatty acids, which is unfor-

consistent with those of site frequency spectra and

tunate considering that FADS1 acts on both omega-6

point to a selective change in the FADS region of South

and omega-3 fatty acids.

Asians and Africans. Additionally, there were significant but inconsistent findings in East Asian populations,

Looking to global data, the I/I genotype frequency was

with significant haplotype findings observed in the Han

highest in African (53%) and South Asian (70%) pop-

Chinese and Japanese when each population was ana-

ulations, and lower in East Asian (29%) and European

lyzed separately. None of the tests detected significant

(17%) populations. Notably, its frequency among the

findings for the European populations.

Figure
2: Fatty
levels
by genotype
Figure
2: Fatty
acidacid
levels
by genotype
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genotype, as well as significantly less dihomo-gam-
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However, causality cannot be established and future
Comparing a sample of Americans (predominantly

research will need to investigate this relationship by

omnivore) to Indians (predominantly vegetarian),

looking at transgenerational changes in FADS expres-

the rs66698963 genotype “I/I” was most preva-

sion with exposure to different diets. This is possible

lent and “D/D” the least prevalent among Indians,

to do in rodents, though not very feasible in humans.

with the opposite being observed for Americans.

Nonetheless, the data do provide compelling indirect

Individuals with the I/I genotype had significantly

evidence supporting the hypothesis that diet shapes

greater membrane concentrations of arachidonic

gene expression.
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acid (20:4n-6) and adrenic acid (22:4n-6) than people
with the D/D genotype, as well as significantly less

The African and South Asian populations showed

dihomo-gamma-linolenic acid (20:3n-6). The “I/I”

markedly increased frequency of the I/I genotype and

genotype was most prevalent among Africans, South

“I” allele in general, which was shown using the smaller

Asians, and some East Asian populations, but low

U.S. cohort to be associated with increased red blood

among Europeans.

cell concentrations of arachidonic acid (20:4n-6) and
reduced concentration of dihomo-gamma-linolenic
acid (20:3n-6). Moreover, natural selection signals

What does the study really
tell us?

were significant on the FADS1 gene cluster. FADS1 (as
shown in Figure 3) codes for the enzyme responsible

This study confirms that marked variation in FADS genotype exists between populations around the globe, and
that this variation is likely the result of natural selection.
Using known historically omnivorous and vegetarian
cultures, this study also suggests that FADS genotype
differences may have developed in response to diet.

for converting dihomo-gamma-linolenic acid (20:3n6) into arachidonic acid (20:4n-6), thus supporting the
red blood cell findings. Together, this suggests that the
African and South Asian populations have an increased
capacity to synthesize long-chained polyunsaturated fats.
What the current study does not tell us is why the diet

Figure Figure
3: Omega-6
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omega-3
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FADS enzymes
3: Omega-6
omega-3fatty
fatty acids
acids compete
for the
FADS enzymes
Omega-6
H3C

Omega-3

Linoleic acid ( 18:2n-6 )

H3C

COOH
Elongation

Alpha-linolenic acid ( 18:3n-3 )

COOH

Elongation

FADS2
Dihomo-gamma-linolenic acid ( 20:3n-6 )

H3C

Stearidonic acid ( 20:4n-3 )

COOH

H3C

COOH

FADS1
H3C

Arachidonic acid ( 20:4n-6 )

COOH

Pro-inflammatory

H3C

Eicosapentaenoic acid ( 20:5n-3 )

COOH

Anti-inflammatory
70

may have led to the observed differences in FADS1.

In the current study, it was shown that individuals with

Because FADS1 creates both long-chained omega-3 and

the I/I genotype may have an enhanced ability to con-

long-chained omega-6 fatty acids, which are found pri-

vert both omega-3 and omega-6 fatty acids into their

marily in seafood and land animals, respectively, from

long-chained derivatives because these fatty acids share

their shorter-chained derivatives found in plants, we

the same set of enzymes that the FADS gene cluster

cannot say whether it was a lack of dietary long-chain

codes for. Accordingly, this study supports the notion

omega-3 or omega-6 that drove the selective pressure.

that the “better” diet for us may depend on ancestry.

After all, both the long-chained omega-3, DHA, and the
long-chained omega-6, arachidonic acid, are essential

It has been estimated that humans evolved eating a

in brain development.

diet containing a 4:1 to 1:1 ratio of omega-6 to omega-3 fatty acids. This ratio is at least 15:1 in the modern
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This study tells us that marked variation in FADS
genotype exists among global populations and that
these differences may be associated with different
metabolic capacities to synthesize long-chained polyunsaturated fatty acids from precursors. Whether or
not this variation arose in response to diet cannot be
determined by the current study, but it does provide
a plausible hypothesis to be further tested.

Western diet. Evidence suggests that the Western
imbalance plays a role in many chronic diseases with
an inflammatory component, such as obesity and
cardiovascular disease. It has been proposed that individuals with the I/I genotype may be at an increased
risk for inflammation-related complications when
consuming a Western diet rich in omega-6 fatty acids
because these individuals have an increased ability to
make the pro-inflammatory long-chained omega-6
fatty acids from their shorter-chain precursors. On the

The big picture
The role that genetics play in health and disease is a
complex and confusing area of research. There has been
a growing interest in learning about one’s genetics to
help make lifestyle and medical decisions, and genetic
testing will likely become more prevalent as it becomes
cheaper. Of course, as shown in a study from ERD #3,
the majority of people may not change their dietary
habits when provided with relevant genetic information.
This does not discount the importance of genetics
in determining one’s response to dietary modification, however. A previous study in ERD #3 showed
that moderate alcohol consumption may not protect
everyone equally from heart attacks and that protec-

flip side, these individuals may also benefit more from
the anti-inflammatory effects of long-chained omega-3
fatty acids, since they would also be able to make more
of these from a diet rich in shorter-chained omega-3
fatty acids obtained from plants. So basically, nobody
knows the actual health effects of these genotypes,
despite news headlines proclaiming “Vegetarian diets
unhealthy, gene study shows”.

Genetics play an important role in health and disease.
This study is an interesting and new example of this,
showing that some people might theoretically have a
predisposition towards the pro-inflammatory effects
of excessive omega-6 fatty acid intake, due to having
a FADS insertion.

tive effects likely depend on genetics. Similarly, a study
in ERD #15 suggested that genetics may modulate the
health effects of wine consumption.

Frequently Asked Questions

Individuals with the I/I genotype also showed higher
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levels of adrenic acid (22:4n-6). What does this fatty

ry effects of a diet low in omega-3 and rich in omega-6.

acid do?

However, this also means that you are more able to

Adrenic acid is an understudied fatty acid that appears

obtain the benefits of consuming fish oils through

to be obtained in the diet primarily through meat.

plant-based omega-3 fatty acids because you may have

However, synthesis from precursors may be a more

an increased conversion capacity.

relevant source, as research in baboons has shown that
16% and 75% of adrenic acid in the brain comes from
dietary arachidonic acid and linoleic acid, respectively.
As shown in the current study, these amounts are likely
dependent on FADS genotype.

urated fatty acid in the brain (after arachidonic acid
This is a complimentary copy of the Examine.com Research Digest.

Individuals of African and South Asian ancestry may
carry a mutation to the FADS gene cluster that increases the efficiency of enzymes responsible for converting

Adrenic acid is the third most abundant polyunsatand DHA), and appears particularly enriched in the
myelin sheaths around nerve endings. Indeed, a deficit
of adrenic acid in cell membranes has been noted in
Alzheimer’s disease patients. Other evidence conducted
in cell cultures has shown adrenic acid to compete with
arachidonic acid for eicosa-

What should I know?
shorter-chained polyunsaturated fatty acids into their
long-chained derivatives. This mutation was associated with increased levels of omega-6 fatty acids in cell
membranes, possibly because of the imbalanced omega-6 to omega-3 ratio in unhealthy diets. Accordingly,
when omega-6 consumption is high, these individuals
may be at an increased risk for its pro-inflammatory effects. One hypothesis for why the mutation was
preserved among these

noid formation.
Should I base my diet on
my FADS genotype?
Probably not, because
researchers’ understanding
of this topic is still in its
infancy. However, regardless of genotype, the general
dietary advice to limit
omega-6 fatty acids from
seed oils and processed
foods while increasing consumption of omega-3 fatty
acids from fish and fish oils
appears prudent for good
health. If you come from
an African or South Asian
ancestry, then this advice
may be more important to
follow as you may be more
inclined to the inflammato-

Should I base
my diet on my
FADS genotype?

populations is that they ate
a primarily vegetarian diet
low in animal products.
This mutation therefore
may have been advantageous, because it increased
the ability to create the
long-chained polyunsatu-

Probably
not, because
researchers’
understanding of
this topic is still
in its infancy.

rated fatty acids needed by
the body that were unavailable in the diet.

◆

If you’re of Indian or
African ancestry and you’re
still eating junky and cheap
oils, this is a good time to
stop. Actually, no matter
who you are, put down the
junky oils. Talk over this
study’s novel findings at
the ERD Facebook forum.
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HDL: When good
cholesterol breaks bad

Rare variant in scavenger receptor BI
raises HDL cholesterol and increases risk of
coronary heart disease
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Introduction

Niacin seems more like a background character of

Just as in fictional stories, there are sometimes good
guys and bad guys in health. One of the traditional good guys is high density lipoprotein cholesterol
(HDL-C), commonly known as “the good cholesterol.” Lipoproteins like HDL are small bodies that carry
fats and cholesterol around the body. The cholesterol
that is found in HDL is called HDL-C. This is what
is measured in common cholesterol tests. HDL-C is
seen as a good guy for good reason. In the 1980s, the
groundbreaking Framingham Heart Study (which
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follows a group of people in and around Framingham,
Massachusetts over decades to discover risk factors for

little consequence to CVD than a good or a bad guy.
But scientists tried another approach. Their molecular
target was the cholesteryl ester transfer protein (CETP),
which transfers cholesterol from HDL to low density
lipoprotein (LDL) and other lipoprotein “bad guys” that
are associated with an increased risk of heart disease. If
you block CETP, you keep HDL-C high, since it’s not
being transferred out of HDL. Sounds like a good theory, but it resulted in even worse outcomes than niacin.
Although a CETP inhibitor dramatically raised HDL-C,
not only did it not prevent CVD, it also increased the
risk of death.

cardiovascular disease
(CVD)) found that people with HDL-C levels
between 40 and 60 mg/
dL had a reduced risk of
heart disease compared
with those whose levels
were below 40 mg/dL.
This discovery has been

At this point, HDL-C’s

HDL-C is seen
as a good guy for
good reason.

since replicated in multiple other observational studies.
But like in some of the most compelling fictional
stories, who is a good guy is sometimes not so clear
cut. Scientists know that correlation does not equal
causation. And so in the 2000s, researchers took a look
at the effects of raising HDL-C using drugs, to see see
what the effect was on heart disease. The theory was
that if correlation was indeed indicative of causation,
they could raise HDL-C levels using drugs and see a
reduced risk of CVD. They used two tools to do so.
One was vitamin B3, also known as niacin, which at high
doses is known to raise HDL-C. Two major trials were
performed to see if niacin could raise HDL-C and lower
the risk of CVD. These trials did not turn out as expected.
They both found that although niacin reliably increased
HDL-C, it had essentially no effect on CVD risk.

status as a good guy
is being called into
question. A recent
meta-analysis has suggested that it is more
of a neutral character. However, HDL-C
may be sometimes

not just neutral. Recent animal evidence suggests that it
may sometimes break bad. And HDL-C’s breaking bad
involves a character with the ominous-sounding name
SCARB1.
SCARB1 is a gene that encodes a protein known as
scavenger receptor class BI (SR-BI, shown in Figure
1). The protein’s function is to grab HDL-C out of HDL
and bring it into cells. Since SR-BI takes cholesterol
out of HDL in the bloodstream, it would lower blood
HDL-C levels. According to the normal hypothesis
of HDL-C being a “good guy,” this would make CVD
worsen, since it’s lowering HDL-C levels. But, that’s
not what happens in mice. Knocking out the SCARB1
instead induces CVD in mice while forcing mice to
make more SR-BI protects against CVD while also lowering HDL-C. This is exactly the opposite of what the
good guy hypothesis would predict.
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Figure 1: The basic players in cholesterol transport

Figure 1: The basic players in cholesterol transport

Reverse Cholesterol Transport
ApoA-I
HDL

SR-BI

This is a complimentary copy of the Examine.com Research Digest.

Cholesterol
Macrophage

CETP
Liver

LDL

ApoB

Peripheral artery

Why would this occur? It turns out that SR-BI may be
acting as a drain for HDL to dump its cholesterol into

High density lipoprotein cholesterol (HDL-C) is

in a process known as reverse cholesterol transport

known to correlate strongly with a lower risk of car-

(RCT). This process carries cholesterol away from the

diovascular disease (CVD). However, pharmaceutical

periphery where it clogs arteries and dumps it in the

interventions that raise HDL-C have failed to show

liver which can ultimately excrete some of it in the

any protective effects. This suggests that correlation

bile. By stopping up the drain through knocking out

may not equal causation when HDL-C is concerned.

SCARB1, there is nowhere for the cholesterol to be

Also, mouse studies have found that deleting a gene

dumped, so it just builds up in the blood. Indeed, this

known as SCARB1 raises HDL-C levels while also

is exactly what is seen in mice; when SR-BI is overex-

inducing CVD. On the other hand, increasing gene

pressed, RCT increases and more HDL-C goes down

expression leading to SR-BI protein production lowers

the drain so to speak, and when it is knocked out, RCT

both HDL-C and CVD risk by affecting reverse choles-

decreases and HDL-C isn’t excreted.

terol transport (RCT) from the periphery to the liver.
The purpose of this study was to determine if SCARB1

But just because this happens in mice doesn’t mean that

influences HDL-C and CVD similarly in humans.

it would happen in humans. The aim of this paper is to
find out if it would.
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Who and what was studied,
and what were the findings?
This paper describes multiple experiments that tell a
single, progressing story about how SCARB1 may influence CVD and HDL-C levels in humans.
The story starts as stories usually do in science: with
a hypothesis. Since deleting SCARB1 in mice raises
HDL-C, the researchers hypothesized that humans
with naturally high HDL-C may have polymorphisms,
or genetic variations in the sequence of their SCARB1

Genetics lingo 101
Human DNA is bunched up into separate packages
called chromosomes. We have 46 of these little DNA
packages in each of our cells. We inherit half of them
from our mothers and half from our fathers. There
are two types of chromosomes we get from mom
and dad: allosomes and autosomes. Allosomes are
better known as sex chromosomes - the famous X
and Y chromosomes. Autosomes are all of the other
44 chromosomes we have.
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gene, that reduced its functioning. They set about testing this by comparing the genomes of 852 people with
naturally very high HDL-C (greater than 106.8 mg/
dL, which is the top 5% of HDL-C levels in humans)
with those of 1,156 people with low HDL-C (less than
30.4 mg/dL - the bottom 25%). They found one 67
year-old woman among the high HDL-C group who
was homozygous for a mutated form of SCARB1. The
mutation led to an SR-BI protein which had the amino
acid proline replaced with leucine at position 376. The
shorthand for this mutation is therefore P376L.

The autosomes contain genes for the same things
from both mom and dad, and so all of our cells
essentially have two copies of most genes, including
the SCARB1 gene. If we get two copies of the same
variant of a gene (e.g. two copies of SCARB1 P376L
- one from mom and one from dad), that’s called
being homozygous for the gene (homo- being the
Latin root for “same”). If we get different versions of
a gene from mom and dad, that’s called being heterozygous for the gene (hetero- meaning “different”).
This is depicted in Figure 2.

This one small mutation had big effects on her HDL-C:
it was measured at 152 mg/dL. She had no other mutations in her genes that have been previously associated
with plasma lipid levels, so it seemed that this mutation

Figure 2: Homozygotes
and
heterozygotes
Figure 2: Homozygotes and heterozygotes

was specifically what was leading to her high HDL-C.
This initial experiment also found fifteen P376L heterozygotes in the high HDL-C group. There were no
homozygotes for P376L in the low HDL-C group, and
three heterozygotes. The difference in frequency with
which the P376L mutation was found in the high versus
low HDL-C group was statistically significant.

Allele for the gene
(either A or a)

A

a

Homozygote for AA

A

AA

Aa
Heterozygote

To double-check their results, the researchers then
searched a database that contained the genetic information and blood lipid information of over 300,000 people

a

aA

aa
Homozygote for aa

to see if they could find the P376L mutation there. They
found it, but it was extremely rare. However, when it was
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present, it had a very large effect on HDL-C while having

this by taking stem cells (young unspecialized cells that

no association with LDL-C or triglyceride levels. Thus, it

can transform into many different kinds of cells) from

seems that, while rare, the P376L mutation of SR-BI does

the carriers and transformed them into liver cells. These

indeed raise HDL-C level dramatically in humans.

transformed liver cells behaved very much like liver cells
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in the body, excreting things that liver cells usually do,
The researchers then recruited the P376L homozy-

like albumin and very low density lipoprotein (VLDL).

gote and eight heterozygotes alongside people with

As expected, these cells did a very bad job of taking up

high and normal HDL-C who didn’t carry the SR-BI

cholesterol from HDL, which is what liver cells do nor-

P376L mutation, in order to look more deeply at other

mally. This was expected because SR-BI’s job is to do

differences the mutation may bring. They found that

exactly this. To double check, researchers also inserted

people who carried the P376L mutation were all of

the mutant version of SCARB1 into monkey kidney cells,

European ancestry, and almost entirely of Ashkenazi

and got similar results. This extended previous research,

Jewish descent. They also tended to have HDL particles

which was only done by completely knocking out the

of larger sizes, which is associated with lower cardio-

gene instead of just introducing this specific mutation.

vascular risk. The homozygote had over six times the

Together, these experiments support the fact that the

number of large HDL particles than controls, and the

P376L mutation inactivates the SR-BI protein, similar to

heterozygotes had almost three times as many as the

what you see when you knock it out completely.

controls. Also, the amount of HDL-C was higher in the
P376L homozygote versus non-carriers. The carriers

However, just because something works in a test tube,

also had higher levels of apolipoprotein A-I (apoA-I)

doesn’t mean it works in a live animal. So the research-

versus control. ApoA-I is the major protein found in

ers took the next step of creating mice that had normal

HDL particles and increased levels are associated with a

and P376L mutations in their SCARB1 genes. Sure

lower risk of CVD.

enough, mice with the P376L mutation had 3.7 times
the amount of HDL-C than the mice with normal genes.

One interesting difference between mice and humans
was also noted. Female mice who lack SCARB1 are

At this point, the researchers felt confident that the

infertile. However, the woman who was a P376L homo-

P376L mutation was what was causing high HDL-C

zygote had two healthy children.

in the human carriers. The next question they asked
was: why? What did this mutation do to the protein

After looking at the characteristics of people carrying

that made it hard to take HDL-C up from the blood?

the P376L mutation, the researchers explored what that

To find out, they looked at the monkey cells and found

mutation actually does at the molecular level. They did

that little SR-BI was on the cell surface and in the cells

[...] while rare, the P376L mutation
of SR-BI does indeed raise HDL-C level
dramatically in humans.
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themselves. However, the gene was being translated
from DNA to RNA just as much in the P376L mutants

A mutated version of the SCARB1 gene was found

as it was in the cells with normal SCARB1, indicating

in some people with very high levels of HDL-C. The

that the gene itself was being transcribed into RNA

specific mutation replaces a proline in protein that

fine but something was happening when the RNA was

SCARB1 codes for, SR-BI, with a leucine. Animal and

being transcribed into the SR-BI protein. When the

test tube experiments confirmed that this specific

researchers looked at what little mutant SR-BI there was

mutation can lead to high HDL-C by not allowing

in the cells, it didn’t look fully mature. Thus, it seems

the SR-BI protein to reach the cell surface and take

that the mutation causes a problem with processing the

up HDL-C. This specific mutation was found to

protein, which makes it harder for it to get to the cell’s

correlate with an increased risk of coronary heart

surface, where it would do the work of taking up cho-

disease in humans. Thus, for people with this muta-

lesterol from HDL.

tion, high HDL-C may actually not indicate “good
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cholesterol” after all.
With a putative mechanism for the mutation’s effects in
hand, the researchers finally asked the million-dollar
question: does this mutation lead to an increased risk of
CVD in humans as it does in mice? They answered this
question in two ways.
The first way was to look at the woman homozygote and
the heterozygotes they previously recruited. The woman
with two P376L genes did not have any CVD, but her
carotid artery was thicker than normal (she was above
the 75th percentile for women her age). This may be
indicative of future cardiovascular problems since it indicates thickening of the arteries. The heterozygotes did
not have any abnormal thickening of their carotid arteries, but the sample size was too small to know for sure.
To get around the sample size issue, the researchers
turned to a large established genetic database and
looked for correlations with the P376L mutation.
Comparing close to 50,000 people with established coronary heart disease to just under 90,000 people without
it, they found that the odds of having heart disease was
higher in those with the mutation than those without
it (odds ratio of 1.79). Thus, it seems that this mutation
was correlated with coronary heart disease in humans.

What does the study really
tell us?
This is an impressive series of studies and was published
in one of the top science journals (appropriately named
Science). Its methods are rigorous and impressive. The
main caveat to be concerned with is the scope of the study.
This study establishes that the SR-BI P376L mutation
in humans seems to lead to very high HDL-C. The
researchers established this by not finding any other major mutations with previous links to cholesterol
levels in the population whose genomes they studied.
Causality was strongly suggested through the test tube
and animal studies the researchers performed. If you
stick this specific mutation into cells and animals, you
get poor HDL-C uptake just as expected. Thus, it seems
that this mutation does cause high HDL-C. But, some
perspective is needed on a few fronts.
First, note that this specific mutation was found in only
a handful of people the researchers recruited who had
very high HDL-C. Thus, while this mutation seems to
be one route to high HDL-C in humans, it’s far from
the only route. It’s just one piece of the puzzle.
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Second, this study suggests that high HDL-C in this

described in the Introduction. Yet this paper has shown

population may increase the risk of CVD. However,

that this isn’t always the case.

this does not necessarily imply that high HDL-C is bad,
for a few reasons. The first is that the researchers only
found weak evidence of CVD in the population they
studied. The homozygotic woman had no CVD, but
did have some thickening of the arteries, which may
suggest it as a possibility. Also, the heterozygotes didn’t
even have noticeable thickening. The database search
that the authors did found a correlation between the
mutation and coronary heart disease. However, since
correlation is not causation, this particular aspect of the

This study suggests that the SR-BI mutation causes
higher HDL-C, which in turn increases the risk of
CVD. While this is a rare mutation, this is an important paper in that it disproves the idea that higher
HDL-C is always better. However, this doesn’t mean
that HDL-C is always bad, either. It simply means
that the bigger picture is more complicated than high
HDL-C = good.
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study cannot say for certain that high HDL-C causes
heart disease. Though when combined with the other
evidence presented in this paper, it does very strongly
suggest that high HDL-C due specifically to the P376L
mutation does cause an increased risk of CVD.
Even if this specific mutation causes CVD, that does
not necessarily imply that HDL-C raises CVD risk in
people without this mutation. This paper provides
firm evidence to suggest that HDL-C is not a good guy
in people with the the P376L mutation, and so disproves the claim that “higher HDL-C is always better.”
However, this doesn’t mean that HDL-C is always a bad
guy, even if in the case of the P376L mutation, it certainly seems to be. This complexity is a big deal, since
a lot of people have taken higher HDL-C to be cardioprotective based on the observational data that was

The big picture
This study strongly suggests that HDL-C can sometimes
act as a bad guy. However, the big picture is starting to
indicate that HDL-C should be seen more as an innocent bystander.
It was reasonable to presume that HDL-C was cardioprotective at first. In addition to the observational
evidence mentioned in the Introduction, the view that
higher HDL-C is cardioprotective has a reasonable
mechanism of action behind it. The classic model for
how this works is that HDL picks up cholesterol from
the periphery and brings it back to the liver, where it
can do no harm. Excess cholesterol can cause damage in the periphery, where it is normally ingested by

[...] while this mutation seems to be
one route to high HDL-C in humans,
it’s far from the only route. It’s just one
piece of the puzzle.
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macrophages, which turn into foam cells and start an

has been shown to work in mice. Another route on the

inflammatory process that leads to CVD. Thus, the

horizon is the use of liver X receptor agonists, which

more that HDL is doing its job, the more HDL-C there

stimulate RCT by modifying a host of genes involved in

is in the blood. When there’s more HDL-C seen in

removing cholesterol from the periphery. Also, certain

blood tests, that means more cholesterol is on its way

forms of RNA called microRNA may promote RCT by

back to the liver and not out in the arteries causing

regulating the proper genes, while also raising HDL-C.

harm. This is the process of RCT that was described in

Though the cholesterol flux hypothesis is still young, we

the Introduction, and HDL-C is acting as a marker of it

can expect it to be tested more strongly in the near future.

in this model.
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These tests are needed, since recent developments are
The problem with that hypothesis is that seeing more

demonstrating that interventions to raise HDL-C do

HDL-C in the blood may be indicative of a some-

not influence CVD risk. In April of 2016 alone, some

times-good process, but also a sometimes-bad one. For

major news items indicated it is not as big of a player

instance, when HDL is bringing back cholesterol from

in CVD as once thought. One piece of breaking news

the periphery, it needs somewhere to dump it. However,

was that yet another study testing a drug that raised

in people with the SR-BI P376L mutation, the main

HDL-C by 130% had no effect on CVD. The trial was

protein that takes the cholesterol from HDL out of the

stopped early due to lack of efficacy. Later in April, the

blood is knocked out. Like a stopped-up drain, the

FDA made the unusual move of rescinding approval of

HDL-C remains in the blood, since there’s no good way

two drugs that were combinations of a statin with either

to dump it. This process has been observed in mice and

niacin or fenofibrate. The former primarily lowers

indicates that high HDL-C in the blood may not always

LDL-C, while the latter two improve HDL-C. The FDA’s

be a good thing.

reasoning for this was that “the totality of the scientific evidence no longer supports the conclusion that a

The recent failures of drugs that raise HDL-C, along

drug-induced ... increase in HDL cholesterol levels in

with other genetic evidence that shows no correlation

statin-treated patients results in a reduction in the risk

between genes that affect HDL-C and heart attack

of cardiovascular events.”

risk, suggests that HDL-C per se is not really involved
in CVD risk. Instead, changes in HDL-C can reflect

The tides are turning. HDL-C doesn’t really look so

sometimes helpful and sometimes harmful patterns.

much like a good guy or a bad guy at this point. It may

The emerging picture seems to indicate that the deeper

simply be relegated to the role of Best Supporting Actor,

idea of HDL-C levels reflecting changes in RCT is what

being swayed by bigger forces in a larger picture.

really matters. This is known as the “cholesterol flux
hypothesis.” The idea is that removing more cholesterol
from the periphery effectively is what’s important, and
that measuring HDL-C is sometimes a good measure of
this, and sometimes it isn’t.
The cholesterol flux hypothesis is not firmly established
yet. However, there are several promising ways to test

HDL-C doesn’t look like a major player in causing
CVD, but instead reflects cholesterol flux from the
periphery to the liver, reflecting more fundamental
underlying events that are related to CVD. Several
promising routes are beginning to test the cholesterol
flux hypothesis, but research is still in early stages.

it. One would be to determine if upregulation of SR-BI
could help lower CVD risk, which seems plausible and
80

Frequently asked questions

What do current guidelines about CVD say about
HDL-C?

The most recent guidelines from the American College
of Cardiology and American Heart Association don’t
mention it much at all, beyond noting a few of the trials
discussed in the introduction, which showed little effect
on CVD of drugs that raise HDL-C. However, those
guidelines suggest treatment based on a 10-year risk
calculator, which does use HDL as an input. Their justification for inclusion of this variable is that HDL is a
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variable “that statistically merit[s] inclusion.” Meaning
that, for a lot of people a lot of the time, HDL-C correlates with CVD risk. However, at this point it’s
looking as if it does not play a causal role in CVD.
How exactly could HDL-C predict CVD risk without
causing it?
As depicted in Figure 3, if RCT was what was directly

predicting CVD risk, it would increase HDL-C and
would also directly affect CVD risk. This would cause
HDL-C and CVD risk to be correlated since they have
a common cause (RCT), but HDL-C is not directly
affecting CVD risk. This is one common way in which
two things that are correlated aren’t causally related: by
having a common third cause that affects them both.
What’s the status of LDL-C as a risk factor for CVD?
LDL-C is on more solid ground. While there no longer
exist LDL-C targets in the most recent guidelines (as
opposed to the earlier version, which had such targets),
LDL-C seems to be an important and more well-established risk factor for CVD. Recent genomic evidence
seems to agree: while genes linked to HDL-C levels
have little correlation to CVD, genes linked to LDL-C
have a strong and consistent influence.
However, LDL-C may not be an optimal risk marker,
either. Emerging evidence suggests that the number

Figure 3: How HDL-C can be correlated with CVD
without causing
it CVD risk without causing it
Figure 3: How HDL-C can berisk
correlated
with
HDL-C directly reducing risk of CVD

HDL-C

CVD

Reverse cholesterol transport causing both higher HDL-C & lower CVD risk

RCT

HDL-C

CVD
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of LDL particles (LDL-P) is more predictive of CVD

cal interventions that succeed in raising HDL-C have

risk than the amount of cholesterol contained in those

repeatedly failed to reduce disease risk. This has led

particles. And in diabetics, it’s been shown that LDL-C

people to suspect that HDL-C may not be causally

and LDL-P don’t correlate very well, which is a problem

linked to cardiovascular risk. This paper adds addition-

since someone can have normal LDL-C but high LDL-P.

al evidence to this hypothesis. In it, the authors have

This could lead clinicians relying on the standard LDL-C

discovered a mutation in a gene which dramatically

lab tests to believe that such patients may be at lower

raises HDL-C in humans, yet is correlated with higher

risk for CVD due to well-controlled LDL-C, when in

risk of coronary heart disease. This serves as an exam-

fact the patient may still be at higher risk. Thus, just like

ple of high amounts of “good cholesterol” not always

with HDL-C, the story about LDL-C is far from over.

being good.

What should I know?

The cholesterol story doesn’t cover just one volume, and

High levels of HDL-C in humans (the so-called “good

much of the story is still being written. Talk about HDL,

cholesterol”) are well-correlated with reduced risk

LDL, and other lipids at the ERD private forum.

◆

of cardiovascular disease. However, pharmacologi-
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Dieting, with a side of
extra protein
Higher compared with lower dietary
protein during an energy deficit
combined with intense exercise
promotes greater lean mass gain and
fat mass loss: a randomized trial
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Introduction
Losing fat while gaining muscle is generally considered
the holy grail of dieting. Unfortunately, the vast majority of weight loss studies show that as much as 20-30%
of the body weight lost during dieting is from lean body
mass (including muscle mass). Maintenance of muscle
mass is important for everyone, but becomes particularly relevant when athletes are trying to lose weight
while improving performance, as well as for older
adults due to the importance of muscle mass for overall
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health and mobility.
Resistance training is one of the most important factors
for maintaining muscle mass while dieting, with other major ones shown in Figure 1. It can attenuate the
loss of muscle by stimulating muscle protein synthesis
(MPS). And it’s also been well established that protein
supplementation can augment the effects of strength
training on MPS. However, the optimal protein intake
to promote weight loss while retaining and/or increasing muscle mass has yet to be firmly determined.
Being in an energy deficit appears to reduce basal MPS,
as well as the sensitivity of MPS from feeding. However,

a resistance training program along with increased protein intake can synergistically increase rates of MPS. This
is particularly valuable during an energy deficit, as one
study showed consuming 30 grams of protein after resistance exercise led to a greater stimulation of MPS than the
consumption of 15 grams of protein. Another study found
that 1.6 grams of protein per kilogram of bodyweight (2x
the Recommended Dietary Allowance, or RDA) was able
to reduce the loss of lean body mass during energy restriction, while yet another study suggested that more than
two grams per kilogram of bodyweight may be needed to
maintain lean mass when dieting.
Beyond resistance training, high-intensity interval
training during a calorie deficit can also help to retain
lean mass. A further consideration is the effects of an
energy deficit on hormone levels, with or without exercise. Hormones such as IGF-1 and testosterone may
play a role in the maintenance of lean mass during an
energy deficit combined with physical activity, though
this remains somewhat of an open question.
With questions still remaining about the optimal protein intake and exercise regimens during an energy

Figure 1: Some factors impacting muscle protein synthesis (MPS)

Reference: Atherton et al. J Physiol. 2012 Mar.
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deficit, researchers designed a four-week study with

All meals were provided to the participants throughout

participants undergoing an approximate 40% calor-

the four-week intervention. Additionally, both groups

ic reduction along with daily resistance or interval

received beverages containing whey protein to be con-

training, while consuming either moderate or higher

sumed immediately after training sessions. The amount

protein intakes of 1.5x and 3x the RDA for protein.

of carbohydrate in the drinks was similar between

Changes in body composition, hormone levels, and

groups (about 45 grams), though the amount of protein

indices of strength and aerobic capacity were measured.

was greater in the PRO group than the CON group (49

Unfortunately, measures of metabolic rate were not

grams vs. 15 grams). Participants were not aware of

made either before or after the intervention.

the group they were assigned to, and the post-workout
drinks accounted for over 90% of the daily macronutri-

Retention of lean body mass is important when diet-
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ing. Increased protein intake and resistance training
can help preserve lean mass during a calorie deficit.
This study was set up to test two different protein
intakes consumed by people in a caloric deficit and
following a daily exercise program.

ent differences between groups.
An important aspect of this study was the six days of
rigorous exercise sessions every week, which included:
• Two days of a full body resistance training circuit
(10 reps/set for three sets at 80% of the participant’s one repetition max, with the last set of each

Who and what was studied?
Forty overweight men (mean of 23 years old, BMI 29.7,
body fat 24.2%) participated in this single-blind study.
Participants were recreationally active, performing some
type of physical activity once or twice a week, but not
following any kind of structured resistance or aerobic
training. The participants had not been training, but
had a training history (e.g. former rugby or hockey players). A group with an average pre-test 1RM bench press
of over 100 kilograms is not an ‘untrained’ population.
Participants were randomly assigned to one of two
groups, both of which had a 40% reduction in energy
intake compared with their estimated requirements
(this is a very large daily deficit!). A control group
(CON) consumed 1.2 grams of protein per kilogram of
bodyweight (about 2284 kcal; 15% protein, 50% carbohydrate, 35% fat), and the higher protein group (PRO)

exercise to volitional failure and one minute rest
between sets)
• Two days of high intensity interval training (one
session of four to eight 30 second cycling sprints
with four minutes of rest between sets, and one
session of 10 sprints for one minute with one minute of active recovery)
• One day of a 250-kJ cycling time trial (about 20
minutes)
• One day of a plyometric bodyweight circuit
Additionally, participants were given a pedometer and
instructed to accumulate at least 10,000 steps per day. If
they reported less than 10,000 steps for two consecutive
days, they were told to complete a greater number of
steps in the following days to ensure their average daily
steps were at least 10,000. Body composition, measures
of strength and aerobic capacity, and blood markers
were measured before and after the intervention.

consumed 2.4 grams of protein per kilogram (about
2409 kcal; 35% protein, 50% carbohydrate, 15% fat).
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considered favorable changes. There were decreases
This four-week, single-blind, randomized trial pro-

in total and free testosterone as well as in insulin and

vided 40 men with hypocaloric diets (40% energy

IGF-1, while increases were observed in growth hor-

reduction) that were either lower protein (1.2 g/kg/

mone, ghrelin, and cortisol. Only the PRO group had an

day) or higher protein (2.4 g/kg/day), while under-

increase in blood urea nitrogen and estimated glomeru-

going exercise training six days per week. Body

lar filtration rate, which tells us the kidneys are excreting

composition, measures of strength and aerobic

the additional byproducts of protein metabolism.

capacity, and blood markers were measured before
and after the intervention.

Cortisol is a hormone that receives a lot of attention
as the “stress hormone,” and is capable of inhibit-

What were the findings?
This is a complimentary copy of the Examine.com Research Digest.

The primary study findings are shown in Figure 2. Both
groups lost weight (about 3.5 kilograms), and there
were no differences in the amount lost between the
groups. However, while lean body mass (including
muscle) remained unchanged throughout the study
in the control group, it increased in the high-protein
group (+1.2 kilograms). This increase was also signif-

ing muscle synthesis, increasing muscle breakdown,
and increasing fat mass (particularly visceral fat).
Accordingly, there was a significant negative relationship between changes in cortisol and increases in lean
body mass, with increasing cortisol levels leading to
mildly smaller increases in lean body mass. There was
also a relationship between cortisol and changes in fat
mass, with smaller increases in cortisol levels being
mildly associated with greater decreases in fat mass.

icant in comparison to the control group . This means
that both groups lost fat mass, but the fat losses were
greater in the PRO group (-4.8 kilograms) than the
CON group (-3.5 kilograms).
Additionally, both groups had similar increases in
strength as well as anaerobic and aerobic exercise
capacity. Similar changes were seen between groups

After the four-week intervention, both groups experienced similar weight loss, but lean body mass
increased more in the PRO group than the CON
group, while fat loss was greater in the PRO group
compared with the CON group. All measures of performance improved similarly between groups.

for all blood hormone levels, some of which would be

Figure 2: Changes in lean, fat, and total mass in the two groups
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What does the study really
tell us?
This study is very encouraging because it shows that
people can lose weight while gaining muscle mass.
While the recommended daily intake of protein in the
U.S. is 0.8 grams per kilogram, consuming three times
that amount was more effective for improving body
composition than consuming 1.5x that amount.
This study highlights the importance of increased protein intake in combination with resistance training for
This is a complimentary copy of the Examine.com Research Digest.

improving body composition, in particular maintaining
lean mass, during weight loss. These subjects were in a
40% caloric deficit while undergoing a very active exercise
routine. Participants had six supervised exercise sessions
per week in addition to walking 10,000 steps per day.
Finally, the participants were provided with a post-exercise whey protein shake. Whey protein has been shown to
be better than other protein sources at stimulating muscle
protein synthesis, and the post-workout window may
provide optimal timing for muscle rebuilding.
However, as noted in an interview with one of the
researchers, the drastic caloric deficit caused the participants to became somewhat obsessed with food after
just one week of the study, and they were talking about
and thinking about food constantly. This suggests that
some (or all) of the weight loss may have been undone
once the participants returned to a setting where they
could eat freely. While this doesn’t negate the importance of the findings, it shifts the potential focus to
short-term interventions (e.g. physique competitions,
preparing for physical activity testing in police or firefighter academies, etc.) rather than as a sustainable
long-term model of weight-loss.

The big picture

While the
recommended
daily intake of
protein in the
U.S. is 0.8 grams
per kilogram,
consuming
three times
that amount
was more
effective for
improving body
composition
than consuming
1.5x that
amount.

It has been proposed that athletes in a caloric deficit
require higher than normal protein intakes, with greater intakes being required for greater calorie deficits.
87

Non-athletes who are exercising while in an energy

(2.4 grams per kilogram) the RDA, and had partici-

deficiency would likely have similar needs, and the

pants perform low to moderate-intensity endurance

results of this study are generally in accordance with

and resistance exercise. The participants on the mod-

previous research (as depicted in Figure 3).

erate protein diet (1.2 grams per kilogram) retained
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a substantial amount of lean body mass. However,
A four-month study in overweight women following

they still did lose some muscle mass and there was no

a resistance training program during a calorie deficit

additional benefit for lean body mass with the higher

found that the group consuming 1.3 grams of protein

protein intake (2.4 grams per kilogram). Another study

per kilogram of bodyweight per day gained more lean

that also used a 40% calorie reduction for two weeks

mass and lost more fat mass than people consuming

found that neither 1.0 or 2.3 grams of protein per kilo-

0.8 grams per kilogram. A similar study used a 21-day

gram were able to prevent the loss of lean body mass in

energy deficit of 40% with protein intake at the RDA as

athletes. However, the higher protein group had much

well as twice (1.6 grams per kilogram) and three times

smaller losses (-1.6 kilogram vs. -0.3 kilograms).

Figure 3: Effects of protein intake on lean mass from some other studies
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Potential reasons for the differences between study

performance and recovery. Consecutive days of intense

outcomes include the type of exercise intervention (and

training while consuming a diet that is inadequate in

the fact that the current study used supervised train-

carbohydrate can severely diminish muscle glycogen

ing sessions), the type of body composition analysis

stores, leading to disturbances in the hypothalamic-pi-

(this study used a Bod Pod as opposed to DEXA), the

tuitary axis along with a decline in athletic performance

post-workout protein timing, and the fact that the ath-

and even worsened mood. This decline in performance

letes maintained their habitual training program while

and mood can be mitigated by a higher carbohydrate

participants in this new study went from light exer-

intake, so the decision to maintain a relatively higher

cise to training hard. A very recent three-month study

carbohydrate intake in this study seems justified. It is

put 80 overweight and obese women on an energy

also possible, but not likely, that the difference in fat

restricted diet (about 1200 kcal) that included varying

intake is what was responsible for the different results

amounts of protein (0.7, 0.9, and 1.3 grams per kilo-

seen between the two groups.
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gram of bodyweight). All groups lost weight that came
from fat mass as well as fat-free mass, but the highest

Researchers observed hormonal changes, as would

protein group showed the greatest improvements in

be expected when doing vigorous activity in a calorie

blood lipid values. Exercise was encouraged, but it was

deficit. Previous research has observed that changes in

not the structured training that participants in this

IGF-1 correlated with changes in fat mass, however that

study undertook. This is noteworthy because similar to

was not the case in this study. Cortisol, which gener-

adherence to diet programs, adherence to unsupervised

ally opposes fat loss and promotes muscle catabolism,

exercise advice is often poor as well.

behaved as expected and was significantly correlated
negatively with both fat loss and muscle gain.

While the assumption is that changes in lean mass occur
due to the protein intake, any diet that shifts protein

Researchers addressed some of the typical challenges of

intake will lead to changes in the other macronutrients

free-living studies by providing the participants with all

by default. This study used 15% protein, 50% carbo-

of their food and beverages and supervising all train-

hydrate, 35% fat for the CON group, and 35% protein,

ing sessions. Also noteworthy is the fact that this was

50% carbohydrate, 15% fat for the PRO group. This was

a single-blind study. The paper states that the analysis

due to the important role that carbohydrate plays in

was done in a blinded manner, but it is unclear why

Researchers addressed some of the
typical challenges of free-living studies
by providing the participants with
all of their food and beverages and
supervising all training sessions.
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the researchers conducting the sessions were not also

Would even higher protein be better?

blinded, which introduces a potential for bias.

Perhaps, though there is not a lot of research on very
high protein intakes during a calorie deficit. Several

Results of this study are generally in line with previous research, though an increase in lean body mass
during such a drastic calorie reduction has not typically been seen before. Reasons for this may include
the fact that, unlike other studies mentioned, they

recent studies using very high protein intakes of 3.3 g/
kg, 3.4 g/kg, and 4.4 g/kg have shown interesting results
with regard to body composition, however the subjects
were not in a caloric deficit.

were utilizing heavy training as well as a rigorous

What should I know?

protocol to ensure both a high protein intake and

Overweight young men consumed a high protein or

adherence to the exercise regimen.

moderate protein diet during a 40% calorie reduction
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diet, while performing high intensity exercise six days

Frequently asked questions

Would the results be the same during a longer study?
This was a four-week study, and it is unclear if a lon-

ger time period would continue the increased trend in
body composition improvements. One study found that
increasing protein intake during a weight maintenance
phase was indeed helpful for preventing weight regain.

per week, for four weeks. The high protein group (three
times the RDA for protein, or 2.4 grams per kilogram
of bodyweight) was able to increase lean body mass,
while the moderate protein group (1.5x the RDA, of
1.2 grams per kilogram) was able to preserve, but not
increase, their lean mass. Both groups lost the same
amount of weight, but the high protein group was also
able to lose more fat mass.

◆

A longer diet duration could make the effects of cortisol
more relevant, to the point of undoing some of the positive changes seen in body composition. Future studies
of a longer duration could measure hormone levels
along with body composition at various time points,

Maybe you can’t gain a ton of muscle while in a large
calorie deficit, but some muscle gain does seem to be
possible. Discuss this at the ERD Facebook forum.

and examine if there is a time point when results plateau. It is possible that periodic refeeding during a
longer program would be helpful as well.

A longer diet duration could make
the effects of cortisol more relevant,
to the point of undoing some of
the positive changes seen in body
composition.
90
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A calorie is a
calorie ... or is it?
Is the timing of caloric intake
associated with variation in
diet-induced thermogenesis
and in the metabolic
pattern? A randomized
cross-over study
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Introduction

mation, independent of total daily caloric intake. This

Is a calorie always a calorie? Technically, yes. One food
calorie is equivalent to the amount of energy needed
to raise the temperature of one kilogram of water from
15° to 16°C. The emphasis on simply lowering calorie
intake for weight loss has long been stressed, and the
FDA recently even began requiring chain restaurants,
movie theaters, and pizza parlors across the country to
post calorie counts on their menus.
However, over the past 15 years, the hypothesis of all
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calories being equal has been challenged, particularly
with regard to lower-carbohydrate and higher-protein
diets. There’s some evidence that lower-carb and/or
higher-protein diets increase calorie expenditure more
than predicted, and therefore the amount of calories retained in your fat tissue could also be less than
predicted.

is due to circadian rhythms, or our internal body clock,
which helps our body predict when we should be sleeping, eating, exercising, and so on. While research in
this area has been on the rise, this is not a new concept.
Daily fluctuations in metabolism were first observed
more than 60 years ago, and for nearly 30 years it’s
been known that a decrease in carbohydrate oxidation
occurs in the evening, compared to the morning. While
human studies are currently less conclusive than the
animal studies, more research is being undertaken to
see how closely these effects translate.
Resting metabolic rate (RMR) refers to the amount of
energy used while the body is at rest, or to put it another way, how many calories your body would use if you
were laying down all day. A related measure is diet-induced thermogenesis, which refers to the increase
in RMR after consumption of food, and accounts for

An increasing number of studies in animals have shown
that the timing of food intake has an influence on

about 10% of daily energy expenditure. This is depicted
in Figure 1.

weight gain, glucose control, lipid levels, and inflam-

Figure 1: How your daily calories are spent
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While 10% may seem trivial, the thermogenic response may actually be
blunted in obese individuals and these small differences over a long period
of time can add up. In fact, it’s the approximate difference in calorie intake
(and energy expenditure) between a lean person and an overweight per-

Figure 2: How the
experiment was
performed

son. Additionally, time of day may have an effect on metabolic rate, as the
diet-induced thermogenesis after consuming a snack in the morning has
been measured to be higher than after the same snack in the evening.
Due to a variety of reasons, including differences in activity, habitual
diets, fasting times, and meal sizes, as well as low number of subjects and
lack of multiple measurements, the data in the literature on metabolic
rate throughout the day is somewhat variable. To study daily variations in
This is a complimentary copy of the Examine.com Research Digest.

diet-induced thermogenesis, measuring RMR under the same conditions at
different times of day is required. Accordingly, this new study compared the
caloric and metabolic responses to a standardized meal consumed in the
morning (8 a.m.) and evening (8 p.m.) in healthy participants after controlling for diet, fasting duration and pre-measurement activity level.

Diet-induced thermogenesis refers to the increase in metabolic rate after
eating, and may be decreased at certain times of day, as well as in some
specific populations.

Who and what was studied?
Twenty healthy volunteers (10 men, 10 women, with an average age of 27.6
years) participated in this randomized cross-over study.
Participants were normal weight (BMI 19-26), performed a moderate
level of exercise, and were excluded if they smoked more than 10 cigarettes per day. Potential participants were excluded if they had any acute
or chronic diseases, were on any drugs or supplements, or worked night
shifts. Considering the nature of this study protocol, it could not be a double-blinded study, though it was single-blinded since the researchers who
performed the biochemical analyses were blinded to the group assignments.
The study methodology is summarized in Figure 2. Study participants were
randomly assigned to receive a standardized meal at the study center at 8
a.m. and, one week later, the same meal at 8 p.m., or vice versa. The meal
was quite large, consisting of 100 grams of white bread, 100 grams of ham,
50 grams of cheese, 125 grams of yoghurt, 200 milliliters of fruit juice, plus

93

25 grams of milk-protein supplement, for a total of

after the morning meal consumption, compared with

1168 calories (30% protein, 31% fat, 39% carb).

changes in RMR after the evening meal. Diet-induced
thermogenesis (DIT) was calculated as the difference

Eight hours prior to this meal, participants also

between average after-meal RMR and the basal RMR.

received a standardized meal at home (the same meal

Additionally, changes in circulating levels of glucose,

but without the protein supplement), and were asked

insulin, free fatty acids and triglycerides were measured.

to spend the next six hours in bed. Giving participants
a standardized meal eight hours prior to testing allows
researchers to control for any lingering thermogenic
effects from any previous meals, which may have an
effect on the measurements. Neither drinking coffee or
alcohol nor smoking were not permitted. Participants
This is a complimentary copy of the Examine.com Research Digest.

were asked to refrain from intense exercise during the
week before the tests, and to consume their usual diet

Twenty healthy volunteers consumed a standardized
meal at 8 a.m. or 8 p.m., and the metabolic response
was measured. Eight hours prior to consuming the
meal, participants consumed a slightly smaller standardized meal, and were asked to spend the following
six hours in bed.

while keeping a three-day food diary.
Resting metabolic rate (RMR) was measured prior
to eating, as well as 90 minutes after completing the
main test meal at 8 a.m. / 8 p.m. (for one hour). Blood
samples were drawn every 30 minutes. The main outcome of the study was to measure the changes in RMR

What were the findings?
Some of the main study findings are summarized in
Figure 3. Fasting RMR was slightly lower in the evening,
though this did not reach statistical significance (1519
vs. 1589 kcal, p=0.098).

Figure 3: Metabolic differences between morning and night
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Values for RMR and DIT were higher after the morning meal (1916 and 328 kcal, respectively) compared
with the evening meal (1756 and 237 kcal, respectively).
Carbohydrate oxidation made up the bulk of the differences in RMR values, with both fasting and after-meal
carb oxidation values being higher in the morning
(0.13 g/min and 0.20 g/min, respectively) compared
with evening (0.05 g/min and 0.12 g/min, respectively).
Basal values of glucose, insulin, free fatty acids, and triglycerides were not different from morning to evening.
After the evening meal, participants had delayed and
larger increases in glucose and insulin concentrations,
This is a complimentary copy of the Examine.com Research Digest.

as well as higher AUC (area under the curve) levels of
glucose, insulin, and free fatty acids, compared to the
morning meal.

Metabolic rate was higher and glycemic and insulinemic responses were lower after a morning meal,
compared with the same meal consumed in the
evening.

What does the study really
tell us?

[...] due to the
atypical eating
pattern that
was imposed
by the study,
the findings
may not be that
relevant to our
everyday lives.
hours before the test meal and asking them to spend
the following six hours in bed. This means people were
either eating a very large meal at midnight and then

This paper offers further evidence that the time of food

going to sleep (which may happen but is not what most

intake affects both the thermogenic and the metabol-

people would do), or eating a large lunch and then

ic responses to meals, with morning meals leading to

spending the afternoon in bed (much less typical).

greater levels of diet-induced thermogenesis and lowered insulin and glucose responses.

This approach may be problematic for a number of
reasons. One study showed that having a 400 kcal meal

However, due to the atypical eating pattern that was

at 11 p.m. was enough to elevate blood sugar levels after

imposed by the study, the findings may not be that

breakfast the next morning, compared with consuming

relevant to our everyday lives. When setting up an

the last meal of the day at 6 p.m. Another study showed

experiment like this, researchers could choose to stan-

that substituting six hours of sitting with walking and

dardize the meal timing prior to the test meal, or they

standing was able to reduce insulin levels by 15%.

could keep the meal intervals closer to a natural pattern of eating. This might mean 12 hours of overnight

These results also may have been exaggerated by the

fasting but only three to five hours of daytime fasting

large amount of protein consumed at the test meal

between lunch and dinner. They chose the former, giv-

(about 85 grams of protein), as protein causes the great-

ing the participants a standardized 1100 kcal meal eight

est increase in post-meal energy expenditure compared
95

to consuming similar amounts of fat or carbohydrate.

digestion, absorption, and metabolism of nutrients.

Plus, a serving size of protein is more likely to be 30-50

The other appears to be regulated by the sympathetic

grams (equivalent to a large chicken breast). Finally, it’s

nervous system and may exhibit circadian rhythmicity,

possible that only measuring the thermic effect of food

meaning it changes throughout the day.

for three hours after eating may be missing 40% of the
total effect, as measuring up to six hours may be better.

It is known that epinephrine (AKA adrenaline) increas-
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es metabolic rate and glucose oxidation, and varies
Essentially, few people eat like this, and the authors spe-

through the day. Additionally, a decrease in insulin sen-

cifically designed the study in such a way as to increase

sitivity that occurs in the evening can also play a role in

the chances of seeing an effect. With all that in mind,

lowering thermogenesis in the evening. Thus, it appears

this study offers a new piece to add to the puzzle, but it

that both circadian fluctuations in epinephrine levels

would be premature to draw direct recommendations

and insulin sensitivity may both contribute to the low-

to our daily lives based solely on this evidence.

ered amounts of diet-induced thermogenesis observed
in the evening.

While the results of this study are interesting, the
research design makes it difficult to directly draw
practical conclusions.

Practically speaking, a number of other studies have
found consumption of greater amounts of energy intake
in the evening to be associated with increased risks for
metabolic syndrome, obesity, and cardiovascular dis-

The big picture
This study shows that the increase in metabolic rate after
a meal is greater in the morning than in the evening.
This is consistent with previous research that reported
a 31% decrease in diet-induced thermogenesis after an
evening meal, compared with the morning. Additionally,
AUC values of glucose, insulin, and free fatty acids were
higher after the evening meal, compared to the morning
meal. This is also in line with previous research showing a twofold larger AUC for glucose after eating in the
evening compared with morning, regardless of whether
participants were fasted for six or 12 hours. That same
study found the AUC for insulin was 25-50% greater in
the evening, compared to morning meals. Taken together, it becomes clear that our bodies exhibit a circadian
rhythm of glucose tolerance.
There are two key factors that determine the magnitude of diet-induced thermogenesis, which accounts
for approximately 10% of our daily energy expenditure. One part is related to the energy required for the

eases. Specifically, people who ate their main meal later
in the day lost less weight than people eating earlier in
the day. Another study in women who were overweight
found a similar result: a high-calorie breakfast with
reduced intake at dinner led to greater weight loss than
the opposite pattern, when each group was consuming
the same number of calories. This study reinforces what
has been becoming increasingly clear: while a calorie is
a calorie, it may not act the same way in your body at
different times of the day.

Frequently asked questions

If I feel that I’m more of a “night person,” would this
change things?

Probably not. A person’s chronotype reflects their individual circadian phase, and reflects the time of day the
individual’s physical functions, hormone levels, body
temperature, cognitive faculties, and eating and sleeping patterns are active. In a study of 420 individuals that
were overweight and following a 20-week weight loss
program, participants who followed an earlier eating
pattern lost more weight and had better insulin sensi96

tivity than those eating later, while chronotype had no
effect on the outcomes.
Should I eat a big breakfast and small dinner?
This study suggests that if you are worried about weight
gain, it may be better to eat a larger amount of food
earlier in the day rather than later.
However, in daily life things are different from a controlled study environment. For example, exercise will
greatly improve your blood sugar control after a meal,
as well as increase metabolic rate, and many people go
This is a complimentary copy of the Examine.com Research Digest.

to the gym after work but before dinner. In that case,

What should I know?
Healthy participants were given the same meal at 8 a.m.
or 8 p.m., and the metabolic responses to the meal were
measured.
The evening meal led to a lowered metabolic rate and
an increased glucose and insulin response, compared
with the morning meal. This study adds to the growing
evidence that energy expenditure and metabolism are
regulated by circadian rhythms, and timing of meals
may need to be considered rather than simply following
a daily calorie goal.

◆

eating a bigger dinner would likely be much more
benign, and possibly favorable. On the other hand, if

If you’re reading this late at night while snacking,

you are sedentary all day (or work out in the morning)

shame shame on you. Go to bed, and wait until tomor-

it may indeed be better to have the majority of your

row to check out the ERD Facebook forum discussion

calories earlier in the day.

on this topic.

This study suggests that if you are
worried about weight gain, it may be
better to eat a larger amount of food
earlier in the day rather than later.

97

