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Premise #1
“Medical science has made such tremendous progress 

that there is hardly a healthy human left.”
Aldous Huxley



There is a continuing trend for increased human life 
expectancy across the globe, particularly in developed 
countries1. Between 1990 and 2010, life expectancy in 
the United Kingdom increased by 4.2 years in men and 
1.9 years in women, but healthy life expectancy did not 
keep pace, increasing at approximately half this rate2.  
We are thus living longer, but not healthier. Furthermore, 
ill health in old age is typically not due to any one dis-
ease but, instead, many older adults are multi- morbid 
— defined here as the presence of two or more chronic 
conditions. For example, in a retrospective study of 
disease incidence in Minnesota, USA, from 2005 to 
2010, 22% of adult patients overall had two or more 
conditions, and this number rose to 77% in the over 
65-year- old group3. Understanding the drivers of age- 
related multi- morbidity and developing interventions 
to prevent or delay its occurrence are now priorities in  
many countries.

It is often not appreciated that increased population 
longevity is a relatively recent phenomenon, beginning 
around 250 years ago4. This is a relatively short time in 
the context of our genetic heritage, in which our global 
physiology and accompanying immune system evolved 
to meet the demands of an active hunter–gatherer life-
style5 (FIG. 1). Our modern lifestyle goes against the 
blueprint laid down by this genetic inheritance, with 

inactivity and overeating resulting in impaired function 
across a range of systems in old age6, culminating in 
multi- morbidity and increased incidence of cardiovas-
cular disease, obesity, type 2 diabetes and cancer6. Thus, 
it is becoming increasingly clear that being sufficiently 
physically active across the life course is a central require-
ment for achieving a healthy old age7. Moderate-to- 
vigorous physical activity and cardiorespiratory fitness 
are both key predictors for reduced all- course morta-
lity8,9, and the reverse is true for sedentary behaviour, 
such as sitting or lying down10,11. Indeed, large- cohort 
studies have revealed that physical activity and time 
spent being sedentary are independent variables affect-
ing health and that the ideal is to maintain adequate lev-
els of physical activity and minimize sedentary time11. 
Unfortunately, physical activity tends to decline dramati-
cally with age. For instance, less than 10% of UK adults 
aged over 65 years meet the Chief Medical Officer’s 
recommendation for physical activity of 150 minutes of 
aerobic exercise a week. Furthermore, as the immune 
system is readily influenced by physical activity12,  
increased inactivity across the lifespan may also  
contribute to reduced immunity in old age.

In this Review, we discuss the evidence suggesting 
that reduced physical activity with age is a major con-
tributor to age- related immune decline, which in turn 

Can physical activity ameliorate 
immunosenescence and thereby 
reduce age- related multi- morbidity?
Niharika A. Duggal1, Grace Niemiro2, Stephen D. R. Harridge3, Richard J. Simpson2,4,5 
and Janet M. Lord  1,6*

Abstract | Remodelling of the immune system with age — immunosenescence — is a substantial 
contributor to poor health in older adults, with increasing risk of infections, cancer and chronic 
inflammatory disease contributing to age- related multi- morbidity. What is seldom considered 
when examining the immune response of an aged individual is that the immune system is 
profoundly influenced by physical activity. Habitual physical activity levels decline with age,  
with significant consequences for muscle mass and function. Skeletal muscle is a major immune 
regulatory organ and generates a range of proteins, termed myokines, which have anti- 
inflammatory and immunoprotective effects. Several studies indicate that maintaining physical 
activity has immune benefits in older adults, for example, it reduces the systemic inflammation 
associated with chronic age- related diseases. Here, we discuss how physical activity can prevent 
or ameliorate age- related multi- morbidity by boosting immune function, and we consider 
whether physical activity could improve immunotherapy outcomes in age- related conditions 
such as cancer.
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Figure 1. Comorbidities among common inflammatory diseases. Each !spoke! of this wheel
represents a published study appearing in MEDLINE, which shows a significant statistical
relationship between one disease and another.

 
Curr Opin Rheumatol. 2013 Mar;25(2):234-40
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For the three aggregated years 2020–22, with male life 
expectancy was 78.8 years, average healthy male life 

expectancy was only 62.4 years – ie, 16.4 of those years (21%) 
would have been spent in poor health. 
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Female life expectancy was 82.8 years, of which 20.1 years 
(24%) would have been spent in poor health. Although 

females live an average of four years longer than males, they 
spend a higher proportion and more years of their lives in 

poor health. 
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Disability-free life expectancy is almost two decades shorter 
than life expectancy, and is higher among males (61.8 years) 

than females (60.5 years). 
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In my Clinical Experience, No One Gets 1 
Disease. They May Get 1 Diagnosis, But The 

Mechanism is Systemic. And the Result of this?
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Report	reveals	the	rising	rates	of	autoimmune	conditions	

	

 
A report launched today reveals rapidly rising rates of autoimmune conditions are 
costing the UK billions each year.   

The report shows direct and indirect costs to the UK for just three autoimmune 
conditions alone – type 1 diabetes, rheumatoid arthritis and multiple sclerosis – 
currently add up to more than £13 billion per year. There are more than 80 autoimmune 
conditions known to science. 

The report from Connect Immune Research, a group of medical research charities, 
shows that many autoimmune conditions are becoming more common, with some 
increasing in incidence by as much as 9% each year – potentially meaning further 
increased costs in the future. Medical science does not yet know the reason for the rise, 
and the charities are campaigning for change in the way research is approached. 

Chloe Gillum, 25, is a paediatric nurse who lives with three autoimmune conditions. At 
the age of nine she was diagnosed with type 1 diabetes and went on to develop 
vitiligo and an underactive thyroid, which caused secondary Raynaud’s. The 
autoimmune conditions all need daily medication which requires management, patience 
and discipline, but as Chloe explains: “One of the hardest things about living with 
autoimmune conditions is people not understanding the impact this has on my life.”  

For different autoimmune conditions, incidence is 
increasing at ranges between 3% and 9% year on year. 
This includes:                                                                       

7.0% increase per year of rheumatic diseases (RA)         
6.3% increase of endocrinological conditions such as 

type 1 diabetes                                                 
3.7% increase of neurological such as MS                
4–9% a year for Coeliac Disease

https://www.immunology.org/news/report-reveals-the-rising-rates-autoimmune-conditions
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Pandemic of idiopathic multimorbidity 
Stephen J. Genuis MD FRCSC DABOG DABEM 

There are two ways to be fooled: 
One is to believe what isn’t so; the other is to refuse to 
believe what is so. 

Søren Kierkegaard 

Sitting among colleagues in the private room of a 
swank eatery, I recently had the pleasure of par-
ticipating in a pharmaceutical industry–sponsored 

medical education event allegedly exploring the man-
agement of patients presenting to their health providers 
with multisystem health complaints. The animateur for 
the evening—an eloquent orator with impressive creden-
tials—raised the issue of the rising prevalence of patients 
who present with a laundry list of ongoing and seemingly 
unrelated persistent complaints often including headache, 
joint pain, fatigue, brain fog, bloating, chemical intoler-
ance,1 muscle aches, itchy skin, and so on. In an almost 
synchronized response, a hum of affirmation rose from 
the ranks. Yes, the doctors in attendance agreed that they 
were seeing more and more patients from all age groups 
with diverse health complaints,2 with little or nothing to 
find on physical examination and apparently unremark-
able laboratory results. The early chatter suggested that 
the impartation of any wisdom about the assessment and 
care of such individuals would certainly be welcome. 

The stirring presentation, with moments of humour, 
anecdote, and flair, was long on style but short on sci-
ence, concluding that such patients are psychiatrically 
disordered and, predictably, in need of urgent pharma-
cologic intervention. Although not specifically classi-
fied in the sacrosanct Diagnostic and Statistical Manual 
of Mental Disorders, 4th edition, this affliction—we were 
told—is a manifestation of depression and requires anti-
depressant therapy whether or not melancholy is evident. 
Furthermore, failure to treat early and vigorously would 
likely be “depressogenic” via neuroplastic mechanisms of 
laying down pathophysiological pathways biochemically 
destined to induce chronicity and ongoing somatic health 
complaints.3 In addition to clinical depression, some of 
these patients apparently also qualify for the forthcom-
ing Diagnostic and Statistical Manual of Mental Disorders, 
5th edition, new diagnosis of somatic symptoms disor-
der,4 which, unsurprisingly, might be treated in some 
situations with antidepressant medication.5 When asked 
about the underlying origins of this clinical presentation, 

This article has been peer reviewed. Can Fam Physician 2014;60:511-4. 

La traduction en français de cet article se trouve à www.cfp.ca dans 
la table des matières du numéro de juin 2014 à la page e290. 

we were apprised of a likely genetic source—a perplex-
ing supposition considering the marked increase in the 
prevalence of multimorbidity and, to my knowledge, the 
lack of a widespread mutation of the population gene 
pool. However, at my table, one particularly erudite med-
ico imbued with the wisdom of vino simply said of such 
patients, “I think they’re all nuts.” 

Background 
The simultaneous coexistence of ongoing multisys-
tem health complaints in a single person—sometimes 
referred to as multimorbidity—often presents a difficult 
clinical situation for physicians.6,7 In this month’s issue 
of Canadian Family Physician (page 533), Tymchak and 
I discuss the assessment and management of patients 
who present with otherwise inexplicable multisystem 
health complaints.8 Patients with these challenges often 
have repeated visits to their primary practitioners, high 
rates of attendance in emergency departments, poor 
health outcomes, and chronic complaints.7,9 Associated 
health care costs are usually enormous,9,10 with calls 
in recent literature for concerted action to confront the 
widespread multimorbidity problem.11,12 However, with 
no obvious cause and a paucity of research on this esca-
lating phenomenon,13 it is often eventually assumed 
that many idiopathic multimorbidity presentations are 
psychogenic in origin,14 and use of psychoactive phar-
macologic interventions is common. How do individual 
patients with such presentations respond to the medical 
care they typically receive? 

The expanding challenge of this type of multimorbid-
ity is profoundly important for patients and the medical 
system.7,10 When primary care practitioners find nothing 
to account for the various symptoms and have little to 
offer in terms of solutions, patients typically experience 
frustration and do not know how to proceed. Follow-up 
visits often result in referral to assorted specialists who 
generally focus on one component of the patient’s prob-
lem—the neurologist explores recurrent headaches and 
brain fog, the gastroenterologist assesses abdominal 
discomfort, the rheumatologist evaluates the fibromy-
algia, and so on. When serial consultations result in a 
lack of objective findings, psychiatric referral is often 
suggested. Presented with this recommendation, dis-
gruntled patients sometimes lose faith in the acumen of 
their physicians and often end up frequenting the estab-
lishments of alternative practitioners, which accounts 
for the sobering reality that there are more visits in the 
United States to nonconventional health practitioners 
than to primary care physicians.15 

There are two ways to be fooled:
One is to believe what isn’t so; 
the other is to refuse to believe what is so. 

Søren Kierkegaard 

VOL 60: JUNE • JUIN 2014 | Canadian Family Physician • Le Médecin de famille canadien
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It is frequently stated that it takes an average of 17 
years for research evidence to reach clinical practice.
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is to bring their message about the dangers of EMFs to you in a way that 
makes sense and is embraceable.

!is resistance to new ideas is a primary reason why the average length 
of time it takes for new, paradigm-shifting research to be implemented in 
everyday health practices is 17 years.1 For example, it took on average 17 
years from when scientists began saying there is something about choles-
terol that may contribute to our pipes plugging up, and when the doctor 
down the street began checking cholesterol levels of patients.

Yet the facts speak for themselves:

•  In the 1950s, newspapers across the western and southwestern 
United States carried front-page stories from government scien-
tists telling us how “safe” the aftere'ects of aboveground atomic 
blasts were. “Nothing to worry about” was the theme of the mes-
saging. Now we know better.

•  In the 1960s, government and industry scientists were telling us how 
“safe” cigarettes were. As a matter of fact, Camels were the brand of 
cigarettes “doctors recommended most.” Now we know better.

•  In the 1970s, government and industry scientists were telling us 
how safe it was to treat milking cows with human growth hor-
mone. Now we know better.

17 years

HUMAN
RESEARCH

CLINICAL
RESEARCH

CLINICAL
PRACTICEGUIDELINES

BASIC RESEARCH 
(New Ideas) 

It takes an average of 17 years for basic science research to be used by your doctor.

OBry_9781623367022_3p_all_r1.z.indd   329 6/5/18   2:21 PM
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What does it take to put an ugly fact through the heart of a beautiful hypothesis?

Thomas Huxley characterized “the great tragedy of Science”
as “the slaying of a beautiful hypothesis by an ugly fact.”
Unfortunately, when medical hypotheses are disproved, they

act more like zombies than corpses, revived by the sorcerers of
Mammon, aided and abetted by the inertia of medical practice.

Recent examples in diverse areas of clinical practice will likely
suffer the problem of perseverance of beautiful but flawed
hypotheses, so we are raising the alarm now. 3 large trials in 2008
showed that intensive control of type 2 diabetes mellitus lacks
benefits for patients and increases adverse effects (1-3), and 2 trials
showed that self-monitoring of blood sugar in type 2 diabetes is
not cost-effective (4) and is associated with depression (5). 2 trials
have documented the lack of benefits of antiviral agents for Bell
palsy (while confirming the benefits of corticosteroids) (6, 7), one
of which (6) is featured in this issue of ACP Journal Club (8).
Many trials and meta-analyses have confirmed and reconfirmed
the absence of benefits and presence of harmful effects of anti-
oxidants for the prevention of cancer (9, 10) and cardiovascular
disease (11), including 2 studies of prostate cancer prevention 
featured in this issue (12, 13).

For each of these “slayings,” vested interests will undoubtedly try
to make us forget that the justification for their promotions has
been gored. For type 2 diabetes, for example, achieving a hemo-
globin (Hb) A1c level ≤ 7% means selling more drugs and more
glucose monitoring strips, despite being detrimental to the health
and happiness of patients. It is unlikely that the advertising and
promotion will cease without legislation.

Unfortunately, even if the promotion of disgraced medical inter-
ventions were to desist, prescription by licensed practitioners
would persist for decades. This sad fact of human behavior is
nothing new. Samuel Johnson, the 18th century poet and critic,
observed that “The chains of habit are too weak to be felt until
they are too strong to be broken.” At the turn of the 20th century,
renowned physicist Max Planck remarked, “A new scientific truth
does not triumph by convincing its opponents and making them
see the light, but rather because its opponents eventually die and
a new generation grows up that is familiar with it.”

In more modern times, social psychologists have empirically 
studied people’s tendency to cling to cherished beliefs, even in the
face of a mountain of disconfirming evidence, known formally as
confirmation bias. Once a belief is established, people will actively
seek out information that supports it. If confronted with mixed
evidence, people will give greater weight to information that 
supports their belief while discounting contradictory information.
For instance, in 1 experiment, both foes and proponents of capital
punishment were presented with an empirical report that either
concluded that capital punishment was effective or ineffective.
When the conclusion did not support their beliefs, both those for
and against capital punishment were hasty to point out method-
ological flaws of the research design and found the results uncon-
vincing. When the conclusion supported their beliefs, however,
people praised the research for its sound design (14).

Can we do no better than this in medicine? Apparently not. A
recent study documents the persistence of outmoded claims in the
medical literature (15). Quality-of-care studies show that our pro-
fession is always behind the evidence curve, with < 50% adoption
of validated new procedures many years after the evidence has
become clear. Worse still, studies show that didactic instruction,
still the predominant method of continuing education, has no 
discernable effect on clinical practice, and practitioners are quite
resistant to seemingly vigorous interventions, such as audit and
feedback, preceptorships, patient-mediated interventions, educa-
tional influentials, and computerized decision support (16, 17).

What does it take to put an ugly fact through the heart of a 
beautiful hypothesis? Clearly, facts by themselves are not enough
or at least not fast enough. Individually, we need to do what we
can in our own practices. For type 2 diabetes, the recent trials
mean backing off trying to help patients reach the “goal” of 
HbA1c levels < 7% and, if they are not on insulin or prone to
hypoglycemia, not advising glucose self-monitoring unless they
request it. It is not clear exactly what the glycemic goal should be,
but patients in the control groups of the new trials, whose HbA1c
levels averaged between 7.3% and 8.4%, did at least as well as
those with mean HbA1c levels < 7%, so advising patients to aim
for levels of 7.5% seems defensible.

But imprecations to individual practitioners to do better have
never worked very well, and it is clear that we do not know
enough about how to maintain professional competence over
time. Research funding agencies have realized for some time that
the practical return on investment for health research is far short
of societal expectations. Recently, stimulated by the “show us the
evidence” questions of policymakers, funding agencies have begun
to put resources into “knowledge translation (KT) research” at 
2 intersections: from laboratory to clinical research (KT1) and
from clinical research to health care (KT2) (18). This funding
recognizes our insufficient knowledge of how to effectively and
efficiently translate research from 1 level to the next and that
there are legitimate and important research questions about
research translation. Ironically, the attitudes of some members of
the research community—that we simply need to try harder at 
broadcasting our research and that translation research is not
needed, let alone legitimate—has been slow to change. However,
it is changing, and a cohort of KT researchers is emerging.

When will we be able to slay beautiful hypotheses more efficiently?
No one knows, but at least KT research is becoming fashionable
and is beginning to address the right questions. Meanwhile, if the
new evidence differs from the advice you have been giving your
patients about antiviral agents for Bell palsy, intensive care for
type 2 diabetes, or antioxidants for preventing cancer or cardio-
vascular disease, it is time to consider revising your practice.
According to Pathman and colleagues (19), the logical steps for
this include becoming aware of the evidence (awareness), agreeing
with it in principle (agreement), deciding that it is appropriate 
and feasible to use in your own practice (adoption), and finally
succeeding in following it at appropriate times (adherence)—a
model that is consistent with guideline implementation for
hypertension management in primary care settings (20).
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What does it take to put an ugly fact through the heart of a beautiful hypothesis?

Thomas Huxley characterized “the great tragedy of Science”
as “the slaying of a beautiful hypothesis by an ugly fact.”
Unfortunately, when medical hypotheses are disproved, they

act more like zombies than corpses, revived by the sorcerers of
Mammon, aided and abetted by the inertia of medical practice.

Recent examples in diverse areas of clinical practice will likely
suffer the problem of perseverance of beautiful but flawed
hypotheses, so we are raising the alarm now. 3 large trials in 2008
showed that intensive control of type 2 diabetes mellitus lacks
benefits for patients and increases adverse effects (1-3), and 2 trials
showed that self-monitoring of blood sugar in type 2 diabetes is
not cost-effective (4) and is associated with depression (5). 2 trials
have documented the lack of benefits of antiviral agents for Bell
palsy (while confirming the benefits of corticosteroids) (6, 7), one
of which (6) is featured in this issue of ACP Journal Club (8).
Many trials and meta-analyses have confirmed and reconfirmed
the absence of benefits and presence of harmful effects of anti-
oxidants for the prevention of cancer (9, 10) and cardiovascular
disease (11), including 2 studies of prostate cancer prevention 
featured in this issue (12, 13).

For each of these “slayings,” vested interests will undoubtedly try
to make us forget that the justification for their promotions has
been gored. For type 2 diabetes, for example, achieving a hemo-
globin (Hb) A1c level ≤ 7% means selling more drugs and more
glucose monitoring strips, despite being detrimental to the health
and happiness of patients. It is unlikely that the advertising and
promotion will cease without legislation.

Unfortunately, even if the promotion of disgraced medical inter-
ventions were to desist, prescription by licensed practitioners
would persist for decades. This sad fact of human behavior is
nothing new. Samuel Johnson, the 18th century poet and critic,
observed that “The chains of habit are too weak to be felt until
they are too strong to be broken.” At the turn of the 20th century,
renowned physicist Max Planck remarked, “A new scientific truth
does not triumph by convincing its opponents and making them
see the light, but rather because its opponents eventually die and
a new generation grows up that is familiar with it.”

In more modern times, social psychologists have empirically 
studied people’s tendency to cling to cherished beliefs, even in the
face of a mountain of disconfirming evidence, known formally as
confirmation bias. Once a belief is established, people will actively
seek out information that supports it. If confronted with mixed
evidence, people will give greater weight to information that 
supports their belief while discounting contradictory information.
For instance, in 1 experiment, both foes and proponents of capital
punishment were presented with an empirical report that either
concluded that capital punishment was effective or ineffective.
When the conclusion did not support their beliefs, both those for
and against capital punishment were hasty to point out method-
ological flaws of the research design and found the results uncon-
vincing. When the conclusion supported their beliefs, however,
people praised the research for its sound design (14).

Can we do no better than this in medicine? Apparently not. A
recent study documents the persistence of outmoded claims in the
medical literature (15). Quality-of-care studies show that our pro-
fession is always behind the evidence curve, with < 50% adoption
of validated new procedures many years after the evidence has
become clear. Worse still, studies show that didactic instruction,
still the predominant method of continuing education, has no 
discernable effect on clinical practice, and practitioners are quite
resistant to seemingly vigorous interventions, such as audit and
feedback, preceptorships, patient-mediated interventions, educa-
tional influentials, and computerized decision support (16, 17).

What does it take to put an ugly fact through the heart of a 
beautiful hypothesis? Clearly, facts by themselves are not enough
or at least not fast enough. Individually, we need to do what we
can in our own practices. For type 2 diabetes, the recent trials
mean backing off trying to help patients reach the “goal” of 
HbA1c levels < 7% and, if they are not on insulin or prone to
hypoglycemia, not advising glucose self-monitoring unless they
request it. It is not clear exactly what the glycemic goal should be,
but patients in the control groups of the new trials, whose HbA1c
levels averaged between 7.3% and 8.4%, did at least as well as
those with mean HbA1c levels < 7%, so advising patients to aim
for levels of 7.5% seems defensible.

But imprecations to individual practitioners to do better have
never worked very well, and it is clear that we do not know
enough about how to maintain professional competence over
time. Research funding agencies have realized for some time that
the practical return on investment for health research is far short
of societal expectations. Recently, stimulated by the “show us the
evidence” questions of policymakers, funding agencies have begun
to put resources into “knowledge translation (KT) research” at 
2 intersections: from laboratory to clinical research (KT1) and
from clinical research to health care (KT2) (18). This funding
recognizes our insufficient knowledge of how to effectively and
efficiently translate research from 1 level to the next and that
there are legitimate and important research questions about
research translation. Ironically, the attitudes of some members of
the research community—that we simply need to try harder at 
broadcasting our research and that translation research is not
needed, let alone legitimate—has been slow to change. However,
it is changing, and a cohort of KT researchers is emerging.

When will we be able to slay beautiful hypotheses more efficiently?
No one knows, but at least KT research is becoming fashionable
and is beginning to address the right questions. Meanwhile, if the
new evidence differs from the advice you have been giving your
patients about antiviral agents for Bell palsy, intensive care for
type 2 diabetes, or antioxidants for preventing cancer or cardio-
vascular disease, it is time to consider revising your practice.
According to Pathman and colleagues (19), the logical steps for
this include becoming aware of the evidence (awareness), agreeing
with it in principle (agreement), deciding that it is appropriate 
and feasible to use in your own practice (adoption), and finally
succeeding in following it at appropriate times (adherence)—a
model that is consistent with guideline implementation for
hypertension management in primary care settings (20).
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suffer the problem of perseverance of beautiful but flawed
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showed that intensive control of type 2 diabetes mellitus lacks
benefits for patients and increases adverse effects (1-3), and 2 trials
showed that self-monitoring of blood sugar in type 2 diabetes is
not cost-effective (4) and is associated with depression (5). 2 trials
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Many trials and meta-analyses have confirmed and reconfirmed
the absence of benefits and presence of harmful effects of anti-
oxidants for the prevention of cancer (9, 10) and cardiovascular
disease (11), including 2 studies of prostate cancer prevention 
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globin (Hb) A1c level ≤ 7% means selling more drugs and more
glucose monitoring strips, despite being detrimental to the health
and happiness of patients. It is unlikely that the advertising and
promotion will cease without legislation.
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they are too strong to be broken.” At the turn of the 20th century,
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confirmation bias. Once a belief is established, people will actively
seek out information that supports it. If confronted with mixed
evidence, people will give greater weight to information that 
supports their belief while discounting contradictory information.
For instance, in 1 experiment, both foes and proponents of capital
punishment were presented with an empirical report that either
concluded that capital punishment was effective or ineffective.
When the conclusion did not support their beliefs, both those for
and against capital punishment were hasty to point out method-
ological flaws of the research design and found the results uncon-
vincing. When the conclusion supported their beliefs, however,
people praised the research for its sound design (14).

Can we do no better than this in medicine? Apparently not. A
recent study documents the persistence of outmoded claims in the
medical literature (15). Quality-of-care studies show that our pro-
fession is always behind the evidence curve, with < 50% adoption
of validated new procedures many years after the evidence has
become clear. Worse still, studies show that didactic instruction,
still the predominant method of continuing education, has no 
discernable effect on clinical practice, and practitioners are quite
resistant to seemingly vigorous interventions, such as audit and
feedback, preceptorships, patient-mediated interventions, educa-
tional influentials, and computerized decision support (16, 17).

What does it take to put an ugly fact through the heart of a 
beautiful hypothesis? Clearly, facts by themselves are not enough
or at least not fast enough. Individually, we need to do what we
can in our own practices. For type 2 diabetes, the recent trials
mean backing off trying to help patients reach the “goal” of 
HbA1c levels < 7% and, if they are not on insulin or prone to
hypoglycemia, not advising glucose self-monitoring unless they
request it. It is not clear exactly what the glycemic goal should be,
but patients in the control groups of the new trials, whose HbA1c
levels averaged between 7.3% and 8.4%, did at least as well as
those with mean HbA1c levels < 7%, so advising patients to aim
for levels of 7.5% seems defensible.

But imprecations to individual practitioners to do better have
never worked very well, and it is clear that we do not know
enough about how to maintain professional competence over
time. Research funding agencies have realized for some time that
the practical return on investment for health research is far short
of societal expectations. Recently, stimulated by the “show us the
evidence” questions of policymakers, funding agencies have begun
to put resources into “knowledge translation (KT) research” at 
2 intersections: from laboratory to clinical research (KT1) and
from clinical research to health care (KT2) (18). This funding
recognizes our insufficient knowledge of how to effectively and
efficiently translate research from 1 level to the next and that
there are legitimate and important research questions about
research translation. Ironically, the attitudes of some members of
the research community—that we simply need to try harder at 
broadcasting our research and that translation research is not
needed, let alone legitimate—has been slow to change. However,
it is changing, and a cohort of KT researchers is emerging.

When will we be able to slay beautiful hypotheses more efficiently?
No one knows, but at least KT research is becoming fashionable
and is beginning to address the right questions. Meanwhile, if the
new evidence differs from the advice you have been giving your
patients about antiviral agents for Bell palsy, intensive care for
type 2 diabetes, or antioxidants for preventing cancer or cardio-
vascular disease, it is time to consider revising your practice.
According to Pathman and colleagues (19), the logical steps for
this include becoming aware of the evidence (awareness), agreeing
with it in principle (agreement), deciding that it is appropriate 
and feasible to use in your own practice (adoption), and finally
succeeding in following it at appropriate times (adherence)—a
model that is consistent with guideline implementation for
hypertension management in primary care settings (20).
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Premise #2
Where Do We Begin Educating Our Patients?
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Although it is naive to claim a ‘root cause’ to disease, 
there is a common root mechanism in the 
development of every Chronic Disease.
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 Abstract
 Objectives—This report presents final 2019 data on U.S. 

 deaths, death rates, life expectancy, infant and maternal mortality, 
 and trends by selected characteristics such as age, sex, Hispanic 
 origin and race, state of residence, and cause of death. The race 
 categories are consistent with 1997 Office of Management and 
 Budget (OMB) standards, different from reports prior to 2018,  
 which followed 1977 OMB standards.

 Methods—Information reported on death certificates is 
 presented in descriptive tabulations. The original records are filed 
 in state registration offices. Statistical information is compiled 
 in a national database through the Vital Statistics Cooperative 
 Program of the National Center for Health Statistics. Causes of 
 death are processed according to the International Classification 
 of Diseases, 10th Revision. Beginning in 2018, all states and the 
 District of Columbia were using the 2003 revised certificate of 
 death for the entire year, which includes the 1997 OMB revised 
 standards for race. The 2019 and 2018 data based on the revised 
 standards are not completely comparable to previous years. 
 Selected estimates are presented in this report for both the 
 revised and previous race standards to provide some reference 
 for interpretation of trends.

 Results—In 2019, a total of 2,854,838 deaths were 
 reported in the United States. The age-adjusted death rate was 
 715.2 deaths per 100,000 U.S. standard population, a decrease 
 of 1.2% from the 2018 rate. Life expectancy at birth was 78.8 
 years, an increase of 0.1 year from 2018. Age-specific death 
 rates decreased in 2019 from 2018 for age groups 45–54, 65–74,  
 75–84, and 85 and over and increased for age group 35–44. The 
 15 leading causes of death in 2019 remained the same as in 2018, 
 although two causes exchanged ranks. Influenza and pneumonia, 
 the eighth leading cause of death in 2018, became the ninth 
 leading cause of death in 2019, while kidney disease, the ninth 
 leading cause of death in 2018, became the eighth leading cause 
 of death in 2019. The infant mortality rate, 5.58 infant deaths per 
 1,000 live births in 2019, remained a historic low but was not 
 statistically different from the rate in 2018.

 Conclusions—In 2019, the age-adjusted death rate 
 decreased and life expectancy at birth increased for the total, 
 male, and female populations for the second consecutive year.

 Keywords: mortality • cause of death • life expectancy • 
 National Vital Statistics System

 Highlights

 Mortality experience in 2019
 •  In 2019, a total of 2,854,838 resident deaths were registered 

 in the United States, yielding a crude death rate of 869.7 per
 100,000 population.

 •  The age-adjusted death rate, which accounts for the aging of 
 the population, was 715.2 deaths per 100,000 U.S. standard
 population.

 •  Life expectancy at birth was 78.8 years.
 •  The 15 leading causes of death in 2019 were:

 1.  Diseases of heart (heart disease)
 2.  Malignant neoplasms (cancer)
 3.  Accidents (unintentional injuries)
 4.  Chronic lower respiratory diseases
 5.  Cerebrovascular diseases (stroke)
 6.  Alzheimer disease
 7.  Diabetes mellitus (diabetes)
 8.  Nephritis, nephrotic syndrome and nephrosis

 (kidney disease)
 9.  Influenza and pneumonia

 10.  Intentional self-harm (suicide)
 11.  Chronic liver disease and cirrhosis
 12.  Septicemia
 13.  Essential hypertension and hypertensive renal

 disease (hypertension)
 14.  Parkinson disease
 15.  Pneumonitis due to solids and liquids

 NCHS reports can be downloaded from: https://www.cdc.gov/nchs/products/index.htm.
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Indeed, chronic inflammatory diseases have been recognized  
as the most significant cause of death in the world today, 
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Premise #3
What is our Immune System 

Protecting Us From?
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Fig. 1 |. Causes and consequences of low-grade systemic chronic inflammation.
Several causes of low-grade systemic chronic inflammation (SCI) and their consequences 
have been identified. As shown on the left, the most common triggers of SCI (in counter-
clockwise direction) include chronic infections, physical inactivity, (visceral) obesity, 
intestinal dysbiosis, diet, social isolation, psychological stress, disturbed sleep and disrupted 
circadian rhythm, and exposure to xenobiotics such as air pollutants, hazardous waste 
products, industrial chemicals and tobacco smoking. As shown on the right, the 
consequences of SCI (in clockwise direction) include metabolic syndrome, type 2 diabetes, 
non-alcoholic fatty liver disease (NAFLD), cardiovascular disease, cancer, depression, 
autoimmune diseases, neurodegenerative diseases, sarcopenia, osteoporosis and 
immunosenescence.
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Abstract: The tryptophan (TRP)-kynurenine (KYN) metabolic pathway is a main player of TRP
metabolism through which more than 95% of TRP is catabolized. The pathway is activated by
acute and chronic immune responses leading to a wide range of illnesses including cancer, immune
diseases, neurodegenerative diseases and psychiatric disorders. The presence of positive feedback
loops facilitates amplifying the immune responses vice versa. The TRP-KYN pathway synthesizes
multifarious metabolites including oxidants, antioxidants, neurotoxins, neuroprotectants and im-
munomodulators. The immunomodulators are known to facilitate the immune system towards a
tolerogenic state, resulting in chronic low-grade inflammation (LGI) that is commonly present in
obesity, poor nutrition, exposer to chemicals or allergens, prodromal stage of various illnesses and
chronic diseases. KYN, kynurenic acid, xanthurenic acid and cinnabarinic acid are aryl hydrocarbon
receptor ligands that serve as immunomodulators. Furthermore, TRP-KYN pathway enzymes are
known to be activated by the stress hormone cortisol and inflammatory cytokines, and genotypic
variants were observed to contribute to inflammation and thus various diseases. The tryptophan
2,3-dioxygenase, the indoleamine 2,3-dioxygenases and the kynurenine-3-monooxygenase are main
enzymes in the pathway. This review article discusses the TRP-KYN pathway with special empha-
sis on its interaction with the immune system and the tolerogenic shift towards chronic LGI and
overviews the major symptoms, pro- and anti-inflammatory cytokines and toxic and protective KYNs
to explore the linkage between chronic LGI, KYNs, and major psychiatric disorders, including depres-
sive disorder, bipolar disorder, substance use disorder, post-traumatic stress disorder, schizophrenia
and autism spectrum disorder.

Keywords: chronic inflammation; low-grade inflammation; immune tolerance; inflammatory factor;
kynurenine; kynurenic acid; depression; bipolar disorder; substance use disorder; post-traumatic
stress disorder; schizophrenia; autism spectrum disorder

1. Introduction

Chronic low-grade inflammation (LGI) has been linked to the prodromal stage of
a broad range of chronic illnesses such as cardiovascular-, metabolic-, immunologic-,
neurodegenerative- and psychiatric diseases [1]. Chronic LGI is characterized by the
long-term of unresolved inflammatory condition in which proinflammatory and anti-
inflammatory factors are continuously released and fail to cease their actions
(Figure 1a). The long-lasting release of the inflammatory factors initiates compensatory
immune suppression and consequently causes immune tolerance, a condition in which
the immune system is unresponsive to particular antigens that normally elicit an immune
response (Figure 1b).
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metabolism through which more than 95% of TRP is catabolized. The pathway is activated by
acute and chronic immune responses leading to a wide range of illnesses including cancer, immune
diseases, neurodegenerative diseases and psychiatric disorders. The presence of positive feedback
loops facilitates amplifying the immune responses vice versa. The TRP-KYN pathway synthesizes
multifarious metabolites including oxidants, antioxidants, neurotoxins, neuroprotectants and im-
munomodulators. The immunomodulators are known to facilitate the immune system towards a
tolerogenic state, resulting in chronic low-grade inflammation (LGI) that is commonly present in
obesity, poor nutrition, exposer to chemicals or allergens, prodromal stage of various illnesses and
chronic diseases. KYN, kynurenic acid, xanthurenic acid and cinnabarinic acid are aryl hydrocarbon
receptor ligands that serve as immunomodulators. Furthermore, TRP-KYN pathway enzymes are
known to be activated by the stress hormone cortisol and inflammatory cytokines, and genotypic
variants were observed to contribute to inflammation and thus various diseases. The tryptophan
2,3-dioxygenase, the indoleamine 2,3-dioxygenases and the kynurenine-3-monooxygenase are main
enzymes in the pathway. This review article discusses the TRP-KYN pathway with special empha-
sis on its interaction with the immune system and the tolerogenic shift towards chronic LGI and
overviews the major symptoms, pro- and anti-inflammatory cytokines and toxic and protective KYNs
to explore the linkage between chronic LGI, KYNs, and major psychiatric disorders, including depres-
sive disorder, bipolar disorder, substance use disorder, post-traumatic stress disorder, schizophrenia
and autism spectrum disorder.
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1. Introduction

Chronic low-grade inflammation (LGI) has been linked to the prodromal stage of
a broad range of chronic illnesses such as cardiovascular-, metabolic-, immunologic-,
neurodegenerative- and psychiatric diseases [1]. Chronic LGI is characterized by the
long-term of unresolved inflammatory condition in which proinflammatory and anti-
inflammatory factors are continuously released and fail to cease their actions
(Figure 1a). The long-lasting release of the inflammatory factors initiates compensatory
immune suppression and consequently causes immune tolerance, a condition in which
the immune system is unresponsive to particular antigens that normally elicit an immune
response (Figure 1b).
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Figure 1. Acute inflammation, chronic low-grade inflammation and the status of pro-inflammatory
and anti-inflammatory factors. (a) Acute inflammation onsets with the increase of inflammatory
factors and is resolved with the decrease of inflammatory cytokines (yellow line). Chronic low-
grade inflammation (LGI) is characterized by a period of relatively low-level inflammatory factors
that induce immune tolerance. Eventually, inflammatory factors increase, leading to inflammatory
exacerbation and contributing to the pathogenesis of various diseases (red line). (b) Relative levels
of pro-inflammatory (in red) and anti-inflammatory (in green) factors after the onset and before the
resolution of acute inflammation, during LGI and at inflammatory exacerbation.

C-reactive protein (CRP) is a well-established biomarker of inflammation and in LGI
the plasma concentration of CRP is between 3 mg/L–10 mg/L. LGI was found to be
negatively associated with self-rated physical health score in Health-Related Quality of Life
(HRQL) in healthy individuals, but not associated with mental health score in HRQL [2].
Thus, an additional biomarker is necessary to seek the linkage between LGI and mental
illnesses. Furthermore, the central nervous system (CNS) is an immune-privileged site that
may become the source of inflammatory factors to maintain the immune tolerance. The
privileged status of the CNS immune system depends on the integrity of the blood-brain
barrier (BBB) and the subsequent influence of inflammatory factors from other parts of
the body such as muscles and gut microbiota. The long-term immune tolerance proceeds
to significantly higher secretion of inflammatory factors which is linked to inflammatory
exacerbation and consequently, pathogenesis of a wide range of neurologic- and psychiatric
diseases [3] (Figure 1b).

The tryptophan (TRP)-kynurenine (KYN) metabolic pathway is gaining growing
attention as the immune regulator which plays a crucial role of the pathogenesis of a wide
range of diseases from cancer to psychiatric disorders. The pathway is a major branch of
L-TRP metabolism that is significantly activated during inflammation reaction. Over 95%
of L-TRP transforms into a palette of small bioactive molecules with oxidant, antioxidant,
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The inflammatory response is a multi-cascade defensive
process against external invasion, including elimination 

of stimuli and initiation of recovery processes, and is 
therefore crucial for maintaining health. 
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Abstract: As food is an active subject and may have anti-inflammatory or pro-inflammatory
e↵ects, dietary habits may modulate the low-grade neuroinflammation associated with chronic
neurodegenerative diseases. Food is living matter di↵erent from us, but made of our own nature.
Therefore, it is at the same time foreign to us (non-self ), if not yet digested, and like us (self ), after
its complete digestion. To avoid the e✏ux of undigested food from the lumen, the intestinal barrier
must remain intact. What and how much we eat shape the composition of gut microbiota. Gut
dysbiosis, as a consequence of Western diets, leads to intestinal inflammation and a leaky intestinal
barrier. The e✏ux of undigested food, microbes, endotoxins, as well as immune-competent cells
and molecules, causes chronic systemic inflammation. Opening of the blood-brain barrier may
trigger microglia and astrocytes and set up neuroinflammation. We suggest that what determines the
organ specificity of the autoimmune-inflammatory process may depend on food antigens resembling
proteins of the organ being attacked. This applies to the brain and neuroinflammatory diseases,
as to other organs and other diseases, including cancer. Understanding the cooperation between
microbiota and undigested food in inflammatory diseases may clarify organ specificity, allow the
setting up of adequate experimental models of disease and develop targeted dietary interventions.

Keywords: diet; gut microbiota; inflammation; intestinal barrier; blood-brain barrier; Alzheimer’s
disease; Parkinson’s disease; multiple sclerosis; autism spectrum disorders; amyotrophic
lateral sclerosis

1. Chronic Neurodegenerative Diseases are Associated with Low-Grade Chronic Inflammation

Despite having di↵erent etiology and di↵erent pathogenic mechanisms, chronic neurodegenerative
diseases, such as multiple sclerosis (MS), Alzheimer’s disease (AD), Parkinson’s disease (PD),
amyotrophic lateral sclerosis (ALS), and autism spectrum disorder (ASD), all have an inflammatory
nature in common [1] (Figure 1).

Fighting the inflammatory processes that underlie these diseases may reduce their progression
and their severity. Inflammation is an innate, non-specific defense process [2,3]. It occurs in response
to the presence of foreign material (non-self ), or as a consequence of tissue damage caused by physical,
chemical or biological agents, or by abnormalities such as the failure to eliminate waste or digest
nutrients. If the cause of inflammation persists, the inflammation also persists, usually with low
intensity, and is called low-grade chronic inflammation. As for the chronic neuroinflammatory diseases,
in most cases, the neuroinflammatory state does not originate in the central nervous system (CNS),
but is thought to come from a chronic systemic inflammation (CSI) [4–6]. Recent evidence suggests
that CSI may in turn result from a persistent intestinal inflammation spreading through the intestinal
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“Everything should be made as simple as possible, 
but not simpler”
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Premise #4
How many come to HEALCON with the basic 
platform belief, the more fruit and vegetables 

in the diet, the better?
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A global deficiency of nutrition education in physician training: 
the low hanging fruit in medicine remains on the vine

According to the 2019 Global Burden of Disease Study of 
195 countries,1 dietary factors are the single leading cause 
of death, exacting an even greater health burden than 
smoking. For that reason, if medical education were to 
be based solely on the needs of patient and population 
health, nutrition would surely be meaningfully addressed.

But, in defiance of the obvious need for physicians 
to possess, at minimum, solid foundational skills in 
clinical nutrition, medical education in nutrition across 
the globe is decidedly lacking. That is the conclusion 
of the study by Jennifer Crowley and colleagues in 
The Lancet Planetary Health.2

The report summarised findings from 24 studies of 
nutrition education in medical schools throughout 
USA, Europe, the Middle East, Africa, Australia, and 
New Zealand. The studies examined several facets of 
the nutrition-related experience of medical students, 
including attitudes, knowledge, and confidence in 
recommending nutritional interventions. Although the 
methods and survey tools varied among the studies 
evaluated, the findings worldwide were remarkably 
similar. Nutrition knowledge and confidence in 
counselling among medical students were uniformly 
low, as was the students’ perception of both the quality 
and quantity of their nutrition education.

Despite the paucity of nutrition curriculum in medical 
school, the study found that interest among medical 
students in nutrition is uniformly high. Previous research 
has shown that keen interest in nutrition among 
incoming medical students typically wanes by the time 
of graduation.3 It is easy to imagine why. When medical 
students do not see nutrition substantively incorporated 
into their curriculum and do not observe clinical mentors 
incorporating nutritional interventions into their care 
plans, what else can they conclude but that nutrition is 
not as important as they had once believed?

The review by Crowley and colleagues2 adds to 
the existing medical literature4 in framing the gap 
in nutrition education in medical school as a global 
phenomenon as well as providing a glimpse of a 
blueprint for moving forward.

The obstacles to delivering meaningful nutrition 
education are well described in this study and appear to 

be similar on every continent studied—a perceived lack 
of interest and expertise among faculty members in 
nutrition, low-quality nutrition curriculum that did not 
appear to be prioritised, and few examples of nutritional 
counselling during clinical years to serve as models for 
emerging physicians.

Each geographic region has a unique set of 
predominant nutritional challenges and opportunities, 
nevertheless, a global need exists for physicians to 
understand the strong connection between nutrition 
and health. For example, in the past 30 years, the global 
prevalence of diabetes has nearly doubled.5

Beyond the lost opportunities for improving patient 
health, this study correctly frames the global lack 
of nutrition education in medicine as an issue that 
impacts planetary health, as described in the EAT-Lancet 
Commission on healthy diets from sustainable food 
systems.6 This Commission emphasises the importance 
of a global tilt toward a more plant-based diet both for 
individual as well as environmental health.

But if physicians are not adequately trained in 
nutrition, how can they take a meaningful role in 
aiding this dietary shift toward a plant sourced diet so 
necessary for both personal and planetary health?

There is no question that dietary intake, both on 
an individual and population basis, is a function of a 
great many inputs including food access, economics, 
cultural traditions, marketing, and more. Nevertheless, 
patients generally rely on their physicians for guidance 
and there is ample evidence that physician discussions 
of diet make a positive impact on patient dietary 
choices.7 As aptly described in the review by Crowley and 
colleagues “a poorly trained medical workforce can be 
viewed in and of itself as one structural contributor to 
diet-related disease.”2

Also noted in the study, nutritional interventions in 
medicine are best considered a team effort delivered 
by a group of health professionals skilled in nutritional 
care. But without a solid foundation of clinical nutrition 
knowledge and skills, physicians worldwide are generally 
not equipped to even begin to have an informed 
nutrition conversation with their patients and to fully 
identify opportunities for referral.

See Articles page e379
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According to the 2019 Global Burden of Disease Study of 195 
countries, dietary factors are the single leading cause of death, 

exacting an even greater health burden than smoking. 



Yes, we all live with the foundational paradigm of the necessity of 
focusing on fruits and vegetables in our food selection plans, but are 
we open to current science? Are we willing to adjust our paradigm, 

our belief system taking into consideration undeniable facts?

Are you willing to adjust
your belief system?
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Figure 2. E↵ects of di↵erent types of diet on gut microbiota, mucus layer, and immune cells. Bacteria species variations are indicated in rectangular frames. The
arrows pointing up or down respectively indicate an increase or decrease of bacteria abundance. Each color of the rectangular frames represents one phylum: yellow
for Actinobacteria, green for Firmicutes, red for Proteobacteria, blue for Bacteroides, and purple for Verrumicrobia. In the illustration of the intestinal epithelium, oval
shapes represent microbiota. Each color represents one phylum. Abbreviations: FODMAP: fermentable oligo-, di-, mono-saccharides, and polyols; GFD: gluten-free
diet; SCFAs: short-chain fatty acids.
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Abstract

IMPORTANCE The Mediterranean diet pattern is inversely associated with the leading causes of
morbidity and mortality, including metabolic diseases and cardiovascular disease, but there are
limited data on its association with adverse pregnancy outcomes (APOs) among US women.

OBJECTIVE To evaluate whether concordance to a Mediterranean diet pattern around the time of
conception is associated with lower risk of developing any APO and individual APOs.

DESIGN, SETTING, AND PARTICIPANTS This prospective, multicenter, cohort study, the
Nulliparous Pregnancy Outcomes Study: Monitoring Mothers-to-Be, enrolled 10 038 women
between October 1, 2010, and September 30, 2013, with a final analytic sample of 7798 racially,
ethnically, and geographically diverse women with singleton pregnancies who had complete diet
data. Data analyses were completed between June 3, 2021, and April 7, 2022.

EXPOSURES An Alternate Mediterranean Diet (aMed) score (range, 0-9; low, 0-3; moderate, 4-5;
and high, 6-9) was computed from data on habitual diet in the 3 months around conception,
assessed using a semiquantitative food frequency questionnaire.

MAIN OUTCOMES AND MEASURES Adverse pregnancy outcomes were prospectively ascertained
and defined as developing 1 or more of the following: preeclampsia or eclampsia, gestational
hypertension, gestational diabetes, preterm birth, delivery of a small-for-gestational-age infant, or
stillbirth.

RESULTS Of 7798 participants (mean [SD] age, 27.4 [5.5] years), 754 (9.7%) were aged 35 years or
older, 816 (10.5%) were non-Hispanic Black, 1294 (16.6%) were Hispanic, and 1522 (19.5%) had
obesity at baseline. The mean (SD) aMed score was 4.3 (2.1), and the prevalence of high, moderate,
and low concordance to a Mediterranean diet pattern around the time of conception was 30.6%
(n=2388), 31.2% (n=2430), and 38.2% (n=2980), respectively. In multivariable models, a high vs low
aMed score was associated with 21% lower odds of any APO (adjusted odds ratio [aOR], 0.79 [95%
CI, 0.68-0.92]), 28% lower odds of preeclampsia or eclampsia (aOR, 0.72 [95% CI, 0.55-0.93]), and
37% lower odds of gestational diabetes (aOR, 0.63 [95% CI, 0.44-0.90]). There were no differences
by race, ethnicity, and prepregnancy body mass index, but associations were stronger among women
aged 35 years or older (aOR, 0.54 [95% CI, 0.34-0.84]; P = .02 for interaction). When aMed score
quintiles were evaluated, similar associations were observed, with higher scores being inversely
associated with the incidence of any APO.

CONCLUSIONS AND RELEVANCE This cohort study suggests that greater adherence to a
Mediterranean diet pattern is associated with lower risk of APOs, with evidence of a dose-response
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Key Points
Question Among geographically,
racially, and ethnically diverse
nulliparous US women, is concordance
to a Mediterranean diet around the time
of conception associated with risk of
developing any adverse pregnancy
outcome (APO) and individual APOs?

Findings In this cohort study of 7798
women, greater concordance to a
Mediterranean diet pattern was
significantly associated with 21% lower
risk of developing any APO, with
evidence of a dose-response
association. There were no differences
by race, ethnicity, and prepregnancy
body mass index, but associations were
stronger among older women.

Meaning This study suggests that the
Mediterranean diet pattern is inversely
associated with APOs; intervention
studies are needed to assess whether
promoting a Mediterranean-style diet
around the time of conception and
throughout pregnancy can
prevent APOs.
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Greater adherence to a Mediterranean diet pattern 
has been associated with a lower risk for multiple 

chronic diseases and mortality.
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The primary outcome was the development of any APO, 
defined as developing 1 or more of the following: 

gestational hypertension, preeclampsia or eclampsia, 
gestational diabetes, preterm birth (medically indicated 
or spontaneous live birth at <37 weeks’ gestational age, 

delivery of a small-for-gestational-age infant (<5th 
percentile by Alexander nomogram), or stillbirth 
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The aMed score consists of 9 components: vegetables 
(excluding potatoes), fruits, nuts, whole grains, legumes, 

fish, monounsaturated to saturated fat ratio, red and 
processed meats, and alcohol. 
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Graphical Abstract

Introduction
Animal and human studies have linked prenatal exposure to environmental chemicals to 
adverse health effects both at birth (e.g. preterm birth, low birth weight, and birth defects) 
and later in life (e.g., neurodevelopmental defects, cancer, and cardiovascular disease).1,2 

Previous research using National Health and Nutrition Examination Survey (NHANES) data 
found that pregnant women in the U.S. are exposed to numerous harmful manufactured 
chemicals, such as polychlorinated biphenyls (PCBs), organochlorine pesticides (OCPs), 
perfluorinated compounds (PFCs), industrial phenols, polybrominated diphenyl ethers 
(PBDEs), phthalates, and perchlorate.3 Many of these chemicals were detected in greater 
than 99% of U.S. pregnant women.3 Maternal exposures are of concern because many 
chemicals can cross the placenta to reach the fetal system4 and put the uniquely susceptible 
developing fetus5,6 at risk for adverse health outcomes. Health risks from simultaneous 
exposures to multiple chemicals are also of increasing concern, as co-exposures can have 
interactive adverse effects.7

Various factors can influence the extent to which chemicals enter the fetal environment, 
including chemical structure, protein-binding affinity, lipophilicity, and placental 
permeability.4 A recent review concluded that chemical concentrations in umbilical cord 
blood are generally lower than or equal to those in maternal blood, except in the cases of 
some brominated flame retardants, polycyclic aromatic hydrocarbons, magnesium, and 
mercury (Hg), for which they are consistently higher in the fetus.8 However, estimates of 
maternal-to-fetal transfer efficiency varied widely across studies, often spanning an order of 
magnitude or more for the same chemical. The majority of studies reviewed also did not 
analyze maternal and fetal samples on a pair-wise basis, limiting the ability to assess inter-
individual variability in transfer efficiency.

The goal of this study was to better characterize prenatal exposures to multiple 
environmental chemicals among urban, primarily Latina women – a growing and important 
population that is not well represented in larger biomonitoring studies such as NHANES – 
and to characterize individual variability in the transfer of chemicals between mother and 
fetus. We measured concentrations of a broad range of industrial chemicals and metals, 
including PFCs, PCBs, PBDEs and organochlorine pesticides, in paired maternal and 
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The chemical erosion of human health: adverse
environmental exposure and in-utero pollution –
determinants of congenital disorders and chronic disease

The first 38 weeks of human life spent in the allegedly protected environment of the amniotic sac are
medically more eventful and more fraught with danger than the next 38 years in the lifespan of most human

individuals.

Dr. Ian Donald

Stephen J. Genuis*

Department of Obstetrics and Gynecology, Faculty of
Medicine, University of Alberta, Edmonton, Alberta,
Canada

Abstract

Epidemiological research designed to explore causality
of illness has produced increasing evidence to verify that
exposure to toxic agents is contributing to the escalating
burden of chronic affliction, including congenital disor-
ders. While endeavoring to facilitate optimal health and
well-being for patients, the medical profession is cur-
rently challenged by the consequences of environmental
factors unique to the modern era. In the last half century,
there have been profound shifts in health-related habits
of individuals and population groups, and recent re-
search suggests that changes in the home and work-
place environment are responsible for many common
health problems including various congenital anomalies.
As a result of increasing concern about environmental
influences on health, ‘Human Exposure Assessment,’ the
investigation and study of specific patient exposures and
related health concerns, is a rapidly expanding area of
scientific research. Practitioners of clinical medicine,
including providers of maternity care, should acquire the
skills to elicit a proper environmental exposure history
and the necessary tools to implement proactive patient
education relating to precautionary avoidance.
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Introduction

As well as the economic burden on public health care
systems, the birth of a child afflicted with a disability
presents myriad challenges to caregivers. The physical
attention and health care involved, the lingering uncer-
tainty about the social and educational future of the
disabled offspring, and the anxiety regarding lifelong
maintenance issues often result in enormous stress and
compromised well-being for families. The recent announ-
cement that an unprecedented one out of every dozen
children in America has a physical or emotional disability
w32x, juxtaposed with a report that all of 327 parturients
previously enrolled in a preconception program in the UK
delivered healthy offspring w144x, raises intrigue about
the underlying etiology of various congenital disorders.
When the author reviewed the medical literature in pur-
suit for an explanation, it became apparent that en-
vironmental and toxicological factors are significant
determinants of many contemporary health issues,
including birth deformities. As few medical schools
include courses about environmental medicine in their
curricula w50x, awareness of toxicants as ubiquitous
determinants of impaired health is often lacking among
physicians and few practitioners have acquired the nec-
essary skills to investigate and manage exposure-related
illness w89x.

Trends in chronic Illness

Although life expectancy has improved over the last
century in developed nations in large measure due to the
immense progress at reducing infant mortality, the
expanding prevalence of chronic and degenerative illness
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New research suggests that the ingestion of 
pesticide-treated fruits and vegetables is associated 

with a reduced chance of pregnancy and an 
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Association Between Pesticide Residue Intake From
Consumption of Fruits and Vegetables and Pregnancy
Outcomes Among Women Undergoing Infertility Treatment
With Assisted Reproductive Technology
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IMPORTANCE Animal experiments suggest that ingestion of pesticide mixtures at
environmentally relevant concentrations decreases the number of live-born offspring.
Whether the same is true in humans is unknown.

OBJECTIVE To examine the association of preconception intake of pesticide residues in fruits
and vegetables (FVs) with outcomes of infertility treatment with assisted reproductive
technologies (ART).

DESIGN, SETTING, AND PARTICIPANTS This analysis included 325 women who completed a
diet assessment and subsequently underwent 541 ART cycles in the Environment and
Reproductive Health (EARTH) prospective cohort study (2007-2016) at a fertility center at a
teaching hospital. We categorized FVs as having high or low pesticide residues using a
validated method based on surveillance data from the US Department of Agriculture.
Cluster-weighted generalized estimating equations were used to analyze associations of
high– and low–pesticide residue FV intake with ART outcomes.

MAIN OUTCOMES AND MEASURES Adjusted probabilities of clinical pregnancy and live birth
per treatment cycle.

RESULTS In the 325 participants (mean [SD] age, 35.1 [4.0] y; body mass index, 24.1 [4.3]),
mean (SD) intakes of high– and low–pesticide residue FVs were 1.7 (1.0) and 2.8 (1.6)
servings/d, respectively. Greater intake of high–pesticide residue FVs was associated with a
lower probability of clinical pregnancy and live birth. Compared with women in the lowest
quartile of high-pesticide FV intake (<1.0 servings/d), women in the highest quartile (!2.3
servings/d) had 18% (95% CI, 5%-30%) lower probability of clinical pregnancy and 26%
(95% CI, 13%-37%) lower probability of live birth. Intake of low–pesticide residue FVs was not
significantly related to ART outcomes.

CONCLUSIONS AND RELEVANCE Higher consumption of high–pesticide residue FVs was
associated with lower probabilities of pregnancy and live birth following infertility treatment
with ART. These data suggest that dietary pesticide exposure within the range of typical
human exposure may be associated with adverse reproductive consequences.
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“an elegant example of a prospective epidemiological study 
that uses sophisticated biological markers to identify a 

subclinical effect of pesticide exposure on human health” 
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servings/d) had 18% (95% CI, 5%-30%) lower probability of clinical pregnancy and 26%
(95% CI, 13%-37%) lower probability of live birth. Intake of low–pesticide residue FVs was not
significantly related to ART outcomes.

CONCLUSIONS AND RELEVANCE Higher consumption of high–pesticide residue FVs was
associated with lower probabilities of pregnancy and live birth following infertility treatment
with ART. These data suggest that dietary pesticide exposure within the range of typical
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A range of potentially confounding factors was considered, and 
none changed the study outcome. 

• age (years), 
• BMI, 
• smoking status (current/former vs never), 
• race (white vs nonwhite), 
• supplemental folate intake (micrograms per day), 
• residential pesticide exposure history (yes vs no), 
• prudent and Western dietary patterns, 
• total energy intake (kilocalories per day), and 
• infertility diagnosis (male factor vs female factor vs 

unexplained). 
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teaching hospital. We categorized FVs as having high or low pesticide residues using a
validated method based on surveillance data from the US Department of Agriculture.
Cluster-weighted generalized estimating equations were used to analyze associations of
high– and low–pesticide residue FV intake with ART outcomes.

MAIN OUTCOMES AND MEASURES Adjusted probabilities of clinical pregnancy and live birth
per treatment cycle.

RESULTS In the 325 participants (mean [SD] age, 35.1 [4.0] y; body mass index, 24.1 [4.3]),
mean (SD) intakes of high– and low–pesticide residue FVs were 1.7 (1.0) and 2.8 (1.6)
servings/d, respectively. Greater intake of high–pesticide residue FVs was associated with a
lower probability of clinical pregnancy and live birth. Compared with women in the lowest
quartile of high-pesticide FV intake (<1.0 servings/d), women in the highest quartile (!2.3
servings/d) had 18% (95% CI, 5%-30%) lower probability of clinical pregnancy and 26%
(95% CI, 13%-37%) lower probability of live birth. Intake of low–pesticide residue FVs was not
significantly related to ART outcomes.

CONCLUSIONS AND RELEVANCE Higher consumption of high–pesticide residue FVs was
associated with lower probabilities of pregnancy and live birth following infertility treatment
with ART. These data suggest that dietary pesticide exposure within the range of typical
human exposure may be associated with adverse reproductive consequences.
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To the best of our knowledge, this is the first prospective 
study evaluating the relationship of dietary pesticide 

exposure to reproductive success in humans. 
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teaching hospital. We categorized FVs as having high or low pesticide residues using a
validated method based on surveillance data from the US Department of Agriculture.
Cluster-weighted generalized estimating equations were used to analyze associations of
high– and low–pesticide residue FV intake with ART outcomes.

MAIN OUTCOMES AND MEASURES Adjusted probabilities of clinical pregnancy and live birth
per treatment cycle.

RESULTS In the 325 participants (mean [SD] age, 35.1 [4.0] y; body mass index, 24.1 [4.3]),
mean (SD) intakes of high– and low–pesticide residue FVs were 1.7 (1.0) and 2.8 (1.6)
servings/d, respectively. Greater intake of high–pesticide residue FVs was associated with a
lower probability of clinical pregnancy and live birth. Compared with women in the lowest
quartile of high-pesticide FV intake (<1.0 servings/d), women in the highest quartile (!2.3
servings/d) had 18% (95% CI, 5%-30%) lower probability of clinical pregnancy and 26%
(95% CI, 13%-37%) lower probability of live birth. Intake of low–pesticide residue FVs was not
significantly related to ART outcomes.

CONCLUSIONS AND RELEVANCE Higher consumption of high–pesticide residue FVs was
associated with lower probabilities of pregnancy and live birth following infertility treatment
with ART. These data suggest that dietary pesticide exposure within the range of typical
human exposure may be associated with adverse reproductive consequences.
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Compared with women in the lowest quartile of high-
pesticide fruit and vegetable intake (<1.0 servings/d), 
women in the highest quartile ( 2.3 servings/d) had:

• 18% lower probability of clinical pregnancy and 
• 26% lower probability of live birth. 
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diet assessment and subsequently underwent 541 ART cycles in the Environment and
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teaching hospital. We categorized FVs as having high or low pesticide residues using a
validated method based on surveillance data from the US Department of Agriculture.
Cluster-weighted generalized estimating equations were used to analyze associations of
high– and low–pesticide residue FV intake with ART outcomes.

MAIN OUTCOMES AND MEASURES Adjusted probabilities of clinical pregnancy and live birth
per treatment cycle.

RESULTS In the 325 participants (mean [SD] age, 35.1 [4.0] y; body mass index, 24.1 [4.3]),
mean (SD) intakes of high– and low–pesticide residue FVs were 1.7 (1.0) and 2.8 (1.6)
servings/d, respectively. Greater intake of high–pesticide residue FVs was associated with a
lower probability of clinical pregnancy and live birth. Compared with women in the lowest
quartile of high-pesticide FV intake (<1.0 servings/d), women in the highest quartile (!2.3
servings/d) had 18% (95% CI, 5%-30%) lower probability of clinical pregnancy and 26%
(95% CI, 13%-37%) lower probability of live birth. Intake of low–pesticide residue FVs was not
significantly related to ART outcomes.

CONCLUSIONS AND RELEVANCE Higher consumption of high–pesticide residue FVs was
associated with lower probabilities of pregnancy and live birth following infertility treatment
with ART. These data suggest that dietary pesticide exposure within the range of typical
human exposure may be associated with adverse reproductive consequences.
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High–pesticide residue FV intake was positively 
associated with probability of total pregnancy loss. The 

adjusted probabilities of total pregnancy loss were:
• 7% (95% CI, 3%-15%), 
• 23% (95% CI, 16%-33%), 
• 24% (95% CI, 15%-36%), and 
• 34% (95% CI, 20%-51%) 

for women in increasing quartiles of high–pesticide 
residue FV intake 
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IMPORTANCE Animal experiments suggest that ingestion of pesticide mixtures at
environmentally relevant concentrations decreases the number of live-born offspring.
Whether the same is true in humans is unknown.

OBJECTIVE To examine the association of preconception intake of pesticide residues in fruits
and vegetables (FVs) with outcomes of infertility treatment with assisted reproductive
technologies (ART).

DESIGN, SETTING, AND PARTICIPANTS This analysis included 325 women who completed a
diet assessment and subsequently underwent 541 ART cycles in the Environment and
Reproductive Health (EARTH) prospective cohort study (2007-2016) at a fertility center at a
teaching hospital. We categorized FVs as having high or low pesticide residues using a
validated method based on surveillance data from the US Department of Agriculture.
Cluster-weighted generalized estimating equations were used to analyze associations of
high– and low–pesticide residue FV intake with ART outcomes.

MAIN OUTCOMES AND MEASURES Adjusted probabilities of clinical pregnancy and live birth
per treatment cycle.

RESULTS In the 325 participants (mean [SD] age, 35.1 [4.0] y; body mass index, 24.1 [4.3]),
mean (SD) intakes of high– and low–pesticide residue FVs were 1.7 (1.0) and 2.8 (1.6)
servings/d, respectively. Greater intake of high–pesticide residue FVs was associated with a
lower probability of clinical pregnancy and live birth. Compared with women in the lowest
quartile of high-pesticide FV intake (<1.0 servings/d), women in the highest quartile (!2.3
servings/d) had 18% (95% CI, 5%-30%) lower probability of clinical pregnancy and 26%
(95% CI, 13%-37%) lower probability of live birth. Intake of low–pesticide residue FVs was not
significantly related to ART outcomes.

CONCLUSIONS AND RELEVANCE Higher consumption of high–pesticide residue FVs was
associated with lower probabilities of pregnancy and live birth following infertility treatment
with ART. These data suggest that dietary pesticide exposure within the range of typical
human exposure may be associated with adverse reproductive consequences.
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Greater intake of high–pesticide residue Fruits and Vegetables 
was associated with a lower probability of clinical pregnancy 

and live birth. 
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Reproductive Health (EARTH) prospective cohort study (2007-2016) at a fertility center at a
teaching hospital. We categorized FVs as having high or low pesticide residues using a
validated method based on surveillance data from the US Department of Agriculture.
Cluster-weighted generalized estimating equations were used to analyze associations of
high– and low–pesticide residue FV intake with ART outcomes.

MAIN OUTCOMES AND MEASURES Adjusted probabilities of clinical pregnancy and live birth
per treatment cycle.

RESULTS In the 325 participants (mean [SD] age, 35.1 [4.0] y; body mass index, 24.1 [4.3]),
mean (SD) intakes of high– and low–pesticide residue FVs were 1.7 (1.0) and 2.8 (1.6)
servings/d, respectively. Greater intake of high–pesticide residue FVs was associated with a
lower probability of clinical pregnancy and live birth. Compared with women in the lowest
quartile of high-pesticide FV intake (<1.0 servings/d), women in the highest quartile (!2.3
servings/d) had 18% (95% CI, 5%-30%) lower probability of clinical pregnancy and 26%
(95% CI, 13%-37%) lower probability of live birth. Intake of low–pesticide residue FVs was not
significantly related to ART outcomes.

CONCLUSIONS AND RELEVANCE Higher consumption of high–pesticide residue FVs was
associated with lower probabilities of pregnancy and live birth following infertility treatment
with ART. These data suggest that dietary pesticide exposure within the range of typical
human exposure may be associated with adverse reproductive consequences.
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Low–pesticide residue FV intake was inversely associated 
with early pregnancy loss 
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IMPORTANCE Animal experiments suggest that ingestion of pesticide mixtures at
environmentally relevant concentrations decreases the number of live-born offspring.
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OBJECTIVE To examine the association of preconception intake of pesticide residues in fruits
and vegetables (FVs) with outcomes of infertility treatment with assisted reproductive
technologies (ART).

DESIGN, SETTING, AND PARTICIPANTS This analysis included 325 women who completed a
diet assessment and subsequently underwent 541 ART cycles in the Environment and
Reproductive Health (EARTH) prospective cohort study (2007-2016) at a fertility center at a
teaching hospital. We categorized FVs as having high or low pesticide residues using a
validated method based on surveillance data from the US Department of Agriculture.
Cluster-weighted generalized estimating equations were used to analyze associations of
high– and low–pesticide residue FV intake with ART outcomes.

MAIN OUTCOMES AND MEASURES Adjusted probabilities of clinical pregnancy and live birth
per treatment cycle.

RESULTS In the 325 participants (mean [SD] age, 35.1 [4.0] y; body mass index, 24.1 [4.3]),
mean (SD) intakes of high– and low–pesticide residue FVs were 1.7 (1.0) and 2.8 (1.6)
servings/d, respectively. Greater intake of high–pesticide residue FVs was associated with a
lower probability of clinical pregnancy and live birth. Compared with women in the lowest
quartile of high-pesticide FV intake (<1.0 servings/d), women in the highest quartile (!2.3
servings/d) had 18% (95% CI, 5%-30%) lower probability of clinical pregnancy and 26%
(95% CI, 13%-37%) lower probability of live birth. Intake of low–pesticide residue FVs was not
significantly related to ART outcomes.

CONCLUSIONS AND RELEVANCE Higher consumption of high–pesticide residue FVs was
associated with lower probabilities of pregnancy and live birth following infertility treatment
with ART. These data suggest that dietary pesticide exposure within the range of typical
human exposure may be associated with adverse reproductive consequences.
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We considered women to be organic FV consumers if they 
consumed organic FVs at least 3 times per week. Women with 
lower intake of organic FVs (<3 times/wk) were considered to 

be conventional FV consumers. 
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high– and low–pesticide residue FV intake with ART outcomes.

MAIN OUTCOMES AND MEASURES Adjusted probabilities of clinical pregnancy and live birth
per treatment cycle.

RESULTS In the 325 participants (mean [SD] age, 35.1 [4.0] y; body mass index, 24.1 [4.3]),
mean (SD) intakes of high– and low–pesticide residue FVs were 1.7 (1.0) and 2.8 (1.6)
servings/d, respectively. Greater intake of high–pesticide residue FVs was associated with a
lower probability of clinical pregnancy and live birth. Compared with women in the lowest
quartile of high-pesticide FV intake (<1.0 servings/d), women in the highest quartile (!2.3
servings/d) had 18% (95% CI, 5%-30%) lower probability of clinical pregnancy and 26%
(95% CI, 13%-37%) lower probability of live birth. Intake of low–pesticide residue FVs was not
significantly related to ART outcomes.
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Regular consumption of conventionally grown, pesticide-treated 
fruits and vegetables was associated with increased risk of 
pregnancy loss, while consumption of organic fruits and 

vegetables significantly reduced risk of pregnancy loss and 
increased fertility. 
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All dietary pesticide levels were within 
the range of typical American exposure. 
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Pesticide-induced placental dysfunction may also explain the 
relationship of lower rates of clinical pregnancy loss associated 

with lower intake of high–pesticides FVs in the present study, as 
well as lower prevalence of preeclampsia associated with organic 

vegetable consumption in the earlier study. 
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outcomes among women undergoing infertility treatment. We
observed that greater intake of high–pesticide residue FVs was
associated with lower probabilities of clinical pregnancy and
live birth per initiated cycle. The observed association with live
births was driven by a higher risk of early and clinical preg-
nancy loss. On the other hand, low–pesticide residue FV
intake was associated with a lower risk of early pregnancy loss.
Replacing high–pesticide residue FVs with low–pesticide resi-
due FVs was estimated to provide the greatest benefit for
achieving clinical pregnancy and live birth.

While FVs are an important part of a healthy diet,42 they
also serve as the primary vehicle for pesticide residue expo-

sure in the general population.3 Earlier studies have shown
that many pesticides used in agriculture have deleterious
effects on reproductive health outcomes, such as decreased
fertility, spontaneous abortion, stillbirth, or developmental
abnormalities,12-24 while a few others reported no associa-
tions.43,44 Of note, in one of these studies, among 684 partici-
pants (73 cases, 611 controls) from agricultural counties of
California, Bell et al18 found that the adjusted odds ratio of fe-
tal death for those exposed to 3 or more pesticide classes was
2.6 (95% CI, 1.3-5.3), while those exposed to 1 or 2 pesticide
classes had an odds ratio of 1.1 (95% CI, 0.6-2.1). In another
study of women living on Ontario farms, Arbuckle et al24

showed that exposure to both fungicides and herbicides be-
fore conception doubled the risk of spontaneous abortion rela-
tive to women exposed only to fungicides, suggesting that pes-
ticide mixtures may confer a greater risk of fetal loss.
Nonetheless, most of these studies have focused on occupa-
tional workers or women living in or near agricultural areas.
The influence of exposure to pesticide residues primarily
through foods on pregnancy outcomes in the general popula-
tion remains unknown.

To the best of our knowledge, this is the first prospective
study evaluating the relationship of dietary pesticide expo-
sure to reproductive success in humans. The most closely re-
lated study to ours is a prospective study of 28 192 Norwe-
gian women, which found that women choosing organically
grown vegetables during pregnancy had reduced risk of pre-
eclampsia regardless of adjustment for various healthy food
scores.45 One possible explanation was that organic veg-
etable consumption may reduce exposure to pesticides. Some
forms of miscarriage and preeclampsia may be related, repre-
senting a continuum whose origin is oxidative stress–
induced placental dysfunction.46,47 Pesticide-induced placen-
tal dysfunction46,48,49 may explain the relationship of lower
rates of clinical pregnancy loss associated with lower intake

Figure 2. Estimated Changes in Odds Ratios of Clinical Outcomes
by Replacing 1 Serving/d of High–Pesticide Residue Fruits and
Vegetables With 1 Serving/d of Low–Pesticide Residue Fruits and
Vegetables
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Figure 1. Probabilities of Total, Early, and Clinical Pregnancy Loss According to High– or Low–Pesticide Residue Fruit and Vegetable Intake
Among 256 Women With Successful Implantation (316 Cycles) From the EARTH Study
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The investigators report that women who ingest ≥2.3 
servings per day of highly contaminated fruits and 

vegetables were less likely to become pregnant or to have 
a live birth as a result of assisted reproductive technology 

than women who consumed <1 serving per day. 
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Most of the observed difference resulted from an 
increase in pregnancy losses happening very early in 
pregnancy, which is consistent with mouse models.



With a 4-9% increase in every autoimmune disease, 
every year, can you see the value in going back to 
‘The Prime Directive’, and reduce the triggers of 

inflammation in every patient?
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The Effect of Household Food Processing on Pesticide Residues
in Oranges (Citrus sinensis)
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Abstract: In this study, the effect of various household food-processing methods (washing, peeling,
processing into jam and fruit juice, freezing, storage) on pesticide residues (abamectin, buprofezin,
ethoxazole, imazalil, and thiophanate-methyl) in oranges was investigated. Residue analyses were
performed by quick-easy-cheap-efficient-rugged-safe (QuEChERS) extraction and liquid chromatog-
raphy coupled with triple quadrupole mass spectrometry (LC-MS/MS) analysis. The limit of quan-
tification of the method for each pesticide was 10 µg/kg. Physicochemical properties of the pesticides
and the type of the food process had a considerable effect on the fate of pesticide residue. Pesticide
residues were mostly dispersed on orange peels and washing with tap water decreased the residue
levels by 26–84%. The amount of residue in oranges was reduced by 63–100% during fruit juice
processing, while residues were removed by 90–100% after jam processing. Pesticides with a high
octanol–water coefficient were absorbed by the wax of the orange peel, therefore they remained on the
peel and could not easily be removed by washing. Moreover, pesticides with lower water solubility
did not diffuse easily through the fruit juices from the pulp section of the fruit. The processing factor
was greater than 1 for the separation of the orange peel and less than 1 for the washing step and jam
and fruit juice productions.

Keywords: pesticide residues; orange; household food processing; processing factor

1. Introduction
Orange (Citrus sinensis) is one of the most popular and most-grown citrus families

in the world. According to the Turkish Mediterranean Exporters’ Association, the citrus
group took first place in Turkish total fruit and vegetable exports between 2017 and 2018
(405.2 million tons) [1]. Valencia is the most important orange variety grown in Turkey, and
its farming has been increasing rapidly in recent years. Its most important feature is that
it can be grown and harvested up to the late months of the spring. The peel of the fruit
is slightly rough and moderately thick and the inner skin is thick and contains few seeds.
Orange is a good source of vitamins, flavonoids, terpenes, potassium, and calcium, and
fulfills most of the daily need for vitamin C for consumers. Orange can be consumed fresh
or processed domestically or industrially into jam, marmalade, or fruit juice, in addition to
its frozen and dried forms [2]. Orange peel is used as a flavoring agent in the pastry sector
and essential oils extracted from the peels are used in the cosmetics industry.

Since citrus fruits are cultivated in warm and subtropical climates where unwanted
pests and wild herbs are common, it is normal agricultural practice to use pesticides to
increase the yield of the crop [3]. However, excessive and unprescribed spraying and early
harvesting can leave residues in the product, which may adversely affect the safety of the
food consumed. Pesticide residue levels in foods must be safe for consumers, so national
and international authorities have set maximum residue limits (MRL) for fresh fruits and

Foods 2022, 11, 3918. https://doi.org/10.3390/foods11233918 https://www.mdpi.com/journal/foods
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Washing of oranges with tap water reduced the 
residues carbendazim, abamectin, imidacloprid, 
prochloraz, and cypermethrin by 43.6–85.4%. 
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What is arguably, the ‘most well-known 
& studied’ environmental trigger for 
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Low cigarette consumption and risk of coronary heart disease 
and stroke: meta-analysis of 141 cohort studies in 55 study 
 reports
Allan Hackshaw,1 Joan K Morris,2 Sadie Boniface,3 Jin-Ling Tang,4 Dušan Milenković5

ABSTRACT
OBJECTIVE
To use the relation between cigarette consumption 
and cardiovascular disease to quantify the risk of 
coronary heart disease and stroke for light smoking 
(one to !ve cigarettes/day).
DESIGN
Systematic review and meta-analysis.
DATA SOURCES
Medline 1946 to May 2015, with manual searches of 
references.
ELIGIBILITY CRITERIA FOR SELECTING STUDIES
Prospective cohort studies with at least 50 events, 
reporting hazard ratios or relative risks (both herea)er 
referred to as relative risk) compared with never 
smokers or age speci!c incidence in relation to risk of 
coronary heart disease or stroke.
DATA EXTRACTION/SYNTHESIS
MOOSE guidelines were followed. For each study, 
the relative risk was estimated for smoking one, 
!ve, or 20 cigarettes per day by using regression 
modelling between risk and cigarette consumption. 
Relative risks were adjusted for at least age and o)en 
additional confounders. The main measure was the 
excess relative risk for smoking one cigarette per 
day (RR1_per_day−1) expressed as a proportion of that 
for smoking 20 cigarettes per day (RR20_per_day−1), 
expected to be about 5% assuming a linear relation 
between risk and consumption (as seen with 
lung cancer). The relative risks for one, !ve, and 
20 cigarettes per day were also pooled across all 
studies in a random e,ects meta-analysis. Separate 

analyses were done for each combination of sex and 
disorder.
RESULTS
The meta-analysis included 55 publications 
containing 141 cohort studies. Among men, the 
pooled relative risk for coronary heart disease was 
1.48 for smoking one cigarette per day and 2.04 for 20 
cigarettes per day, using all studies, but 1.74 and 2.27 
among studies in which the relative risk had been 
adjusted for multiple confounders. Among women, 
the pooled relative risks were 1.57 and 2.84 for one 
and 20 cigarettes per day (or 2.19 and 3.95 using 
relative risks adjusted for multiple factors). Men who 
smoked one cigarette per day had 46% of the excess 
relative risk for smoking 20 cigarettes per day (53% 
using relative risks adjusted for multiple factors), 
and women had 31% of the excess risk (38% using 
relative risks adjusted for multiple factors). For stroke, 
the pooled relative risks for men were 1.25 and 1.64 
for smoking one or 20 cigarettes per day (1.30 and 
1.56 using relative risks adjusted for multiple factors). 
In women, the pooled relative risks were 1.31 and 
2.16 for smoking one or 20 cigarettes per day (1.46 
and 2.42 using relative risks adjusted for multiple 
factors). The excess risk for stroke associated with one 
cigarette per day (in relation to 20 cigarettes per day) 
was 41% for men and 34% for women (or 64% and 
36% using relative risks adjusted for multiple factors). 
Relative risks were generally higher among women 
than men.
CONCLUSIONS
Smoking only about one cigarette per day carries 
a risk of developing coronary heart disease and 
stroke much greater than expected: around half 
that for people who smoke 20 per day. No safe 
level of smoking exists for cardiovascular disease. 
Smokers should aim to quit instead of cutting down 
to signi!cantly reduce their risk of these two common 
major disorders.

Introduction
Around one billion adults worldwide smoke,1 with 
high prevalence in developing countries, where 49% 
of men and 11% of women use tobacco.2 Although the 
prevalence of current smokers has decreased over time 
in several countries, the global absolute number of 
smokers has increased owing to population growth.3 
Policies have successfully encouraged people to quit, 
using aids such as nicotine replacement therapy and 
electronic cigarettes (e-cigarettes).4

In the Health Survey for England (2013 and 2014), 
26% of current smokers reported that they wanted to 
cut consumption down but were not trying to stop, and 
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WHAT IS ALREADY KNOWN ON THIS TOPIC
Smoking increases the risk of developing coronary heart disease and stroke
Many smokers believe that cutting down the number of cigarettes they smoke 
substantially reduces their risk of developing tobacco related disorders
Occasional individual studies and a meta-analysis of !ve studies in 1997 
reported that light cigarette smoking (less than !ve per day) is associated with a 
higher than expected risk of coronary heart disease

WHAT THIS STUDY ADDS
Men who smoke about one cigarette per day have a 48% higher risk of heart 
disease than never smokers and a 25% higher risk of stroke (or 74% and 30%, 
respectively, when allowing for confounding factors)
The estimates are higher in women: 57% for heart disease and 31% for stroke 
(or 119% and 46% when allowing for multiple confounders), again compared 
with never smokers.
People who smoke about one cigarette each day have about 40-50% of the 
excess risk associated with smoking 20 per day (coronary heart disease and 
stroke)
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The meta-analysis included 55 publications 
containing 141 cohort studies

(several involved the pooling of multiple studies). 
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So what is the true ‘threshold’ in the human 
body for exposure to cigarette smoke?  
When do we cross the line of tolerance
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DATA EXTRACTION/SYNTHESIS
MOOSE guidelines were followed. For each study, 
the relative risk was estimated for smoking one, 
!ve, or 20 cigarettes per day by using regression 
modelling between risk and cigarette consumption. 
Relative risks were adjusted for at least age and o)en 
additional confounders. The main measure was the 
excess relative risk for smoking one cigarette per 
day (RR1_per_day−1) expressed as a proportion of that 
for smoking 20 cigarettes per day (RR20_per_day−1), 
expected to be about 5% assuming a linear relation 
between risk and consumption (as seen with 
lung cancer). The relative risks for one, !ve, and 
20 cigarettes per day were also pooled across all 
studies in a random e,ects meta-analysis. Separate 

analyses were done for each combination of sex and 
disorder.
RESULTS
The meta-analysis included 55 publications 
containing 141 cohort studies. Among men, the 
pooled relative risk for coronary heart disease was 
1.48 for smoking one cigarette per day and 2.04 for 20 
cigarettes per day, using all studies, but 1.74 and 2.27 
among studies in which the relative risk had been 
adjusted for multiple confounders. Among women, 
the pooled relative risks were 1.57 and 2.84 for one 
and 20 cigarettes per day (or 2.19 and 3.95 using 
relative risks adjusted for multiple factors). Men who 
smoked one cigarette per day had 46% of the excess 
relative risk for smoking 20 cigarettes per day (53% 
using relative risks adjusted for multiple factors), 
and women had 31% of the excess risk (38% using 
relative risks adjusted for multiple factors). For stroke, 
the pooled relative risks for men were 1.25 and 1.64 
for smoking one or 20 cigarettes per day (1.30 and 
1.56 using relative risks adjusted for multiple factors). 
In women, the pooled relative risks were 1.31 and 
2.16 for smoking one or 20 cigarettes per day (1.46 
and 2.42 using relative risks adjusted for multiple 
factors). The excess risk for stroke associated with one 
cigarette per day (in relation to 20 cigarettes per day) 
was 41% for men and 34% for women (or 64% and 
36% using relative risks adjusted for multiple factors). 
Relative risks were generally higher among women 
than men.
CONCLUSIONS
Smoking only about one cigarette per day carries 
a risk of developing coronary heart disease and 
stroke much greater than expected: around half 
that for people who smoke 20 per day. No safe 
level of smoking exists for cardiovascular disease. 
Smokers should aim to quit instead of cutting down 
to signi!cantly reduce their risk of these two common 
major disorders.

Introduction
Around one billion adults worldwide smoke,1 with 
high prevalence in developing countries, where 49% 
of men and 11% of women use tobacco.2 Although the 
prevalence of current smokers has decreased over time 
in several countries, the global absolute number of 
smokers has increased owing to population growth.3 
Policies have successfully encouraged people to quit, 
using aids such as nicotine replacement therapy and 
electronic cigarettes (e-cigarettes).4

In the Health Survey for England (2013 and 2014), 
26% of current smokers reported that they wanted to 
cut consumption down but were not trying to stop, and 

1Cancer Research UK and UCL 
Cancer Trials Centre, University 
College London, London W1T 
4TJ, UK
2Wolfson Institute of 
Preventive Medicine, Queen 
Mary, University of London, 
London, UK
3Addictions Department, Kings 
College London, London, UK
4JC School of Public Health and 
Primary Care, Chinese University 
of Hong Kong, Hong Kong
5Meta Research, Evidera, 
London, UK (formerly Cancer 
Research UK and UCL Cancer 
Trials Centre)
Correspondence to:  
A Hackshaw  
a.hackshaw@ucl.ac.uk
Additional material is published 
online only. To view please visit 
the journal online.
Cite this as: BMJ 2018;360:j5855 
http://dx.doi.org/10.1136/bmj.j5855

Accepted: 11 December 2017

WHAT IS ALREADY KNOWN ON THIS TOPIC
Smoking increases the risk of developing coronary heart disease and stroke
Many smokers believe that cutting down the number of cigarettes they smoke 
substantially reduces their risk of developing tobacco related disorders
Occasional individual studies and a meta-analysis of !ve studies in 1997 
reported that light cigarette smoking (less than !ve per day) is associated with a 
higher than expected risk of coronary heart disease

WHAT THIS STUDY ADDS
Men who smoke about one cigarette per day have a 48% higher risk of heart 
disease than never smokers and a 25% higher risk of stroke (or 74% and 30%, 
respectively, when allowing for confounding factors)
The estimates are higher in women: 57% for heart disease and 31% for stroke 
(or 119% and 46% when allowing for multiple confounders), again compared 
with never smokers.
People who smoke about one cigarette each day have about 40-50% of the 
excess risk associated with smoking 20 per day (coronary heart disease and 
stroke)
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The excess relative risk for coronary heart disease 
was 1.48 for smoking one cigarette per day and 
2.04 for 20 cigarettes per day, using all studies 
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The excess risk for stroke associated with one cigarette 
per day (in relation to 20 cigarettes per day) was      

41% for men and 34% for women 
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There was no low threshold associated with a safe level 
of smoking in relation to cardiovascular disease risk,   

for which even an inhaled PM2.5 dose of 1 mg            
(one twelfth of a cigarette per day) has an expected 

relative risk of 1.25 (for CHD). 
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We show clearly that no safe level of smoking exists 
for cardiovascular disease at which light smokers   

can assume that continuing to smoke does not lead   
to harm. 
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BMJ 2018;360:j5855 The meta-analysis included 55 publications containing 141 cohort studies. 

Smokers need to quit completely rather than cut      
down if they wish to avoid most of the risk        
associated with heart disease and stroke. 
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Zero

So what is the ‘threshold’ in the human body for 
exposure to cigarette smoke without causing 
platelet and endothelial dysfunction, arterial 

stiffness, atherosclerosis, oxidative stress, 
inflammation, heart rate variability, energy 

metabolism, and increased infarct size ?
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Wheat amylase-trypsin inhibitors (ATIs) are highly protease 
resistant and activate the toll-like receptor 4 (TLR4) complex 
in the intestinal mucosa, and have been identified as the most 

likely triggers of Non-Celiac Wheat Sensitivity. 

Best Practice & Research Clinical Gastroenterology 29 (2015) 469e476 
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ATIs  directly interact with TLR4 with nanomolar affinity  

Best Practice & Research Clinical Gastroenterology 29 (2015) 469e476 
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Zero
So what is the ‘threshold’ in the human body 
for exposure to wheat before activating TLR4?

TLR4 activation by a perceived threat: 
• Increases release of zonulin
• Activates NfkB the major ‘amplifier’ of 

innate immune response
• Creates and activates both an innate and 

adaptive immune inflammatory state
• Alters microbiome diversity and richness
• Alters expression of antimicrobial peptide 

genes
• Impairs epithelial barrier function and 

reproduction
• Inhibits intestinal lining healing
• Creates intestinal permeability
• Initiates production of Memory Bcells

against the recognized pathogen for future, 
quicker recognition and response if 
exposed
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ATIs  directly interact with TLR4 with nanomolar affinity  

Best Practice & Research Clinical Gastroenterology 29 (2015) 469e476 
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Figure 2. E↵ects of di↵erent types of diet on gut microbiota, mucus layer, and immune cells. Bacteria species variations are indicated in rectangular frames. The
arrows pointing up or down respectively indicate an increase or decrease of bacteria abundance. Each color of the rectangular frames represents one phylum: yellow
for Actinobacteria, green for Firmicutes, red for Proteobacteria, blue for Bacteroides, and purple for Verrumicrobia. In the illustration of the intestinal epithelium, oval
shapes represent microbiota. Each color represents one phylum. Abbreviations: FODMAP: fermentable oligo-, di-, mono-saccharides, and polyols; GFD: gluten-free
diet; SCFAs: short-chain fatty acids.
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• Kindly think about this concept of zero 
tolerance, and how your own brain is 
responding to this science.

• What rationales or justifications pop up 
in your consciousness to this?

• You are not alone in this response
• This is the same mind chatter that every 

one of your patients go through as you 
talk about ‘paradigm-shifting 
information, organics, gluten,...

• By acknowledging the very common 
resistance that pops up, new avenues, 
new approaches emerge to deal with 
resistance in ourselves, and then in our 
patients Knowledge alone is cerebral 

Knowledge leads to empowerment when action steps            
can be implemented

I can’t do 
that

That’s 
impossible

I can reduce 
exposure-that 
should help

Every little 
effort will 
help

This is 
bulls__

I can only do my 
best, and that will 
have to be good 
enough

But I don’t 
feel bad when 
I eat wheat
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I	Know	you	don’t	like	
hearing	this.	Here’s	a	

couple	of	pearls
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Gluten-free diet (GFD) is the current treatment of gluten-related disorders. It eliminates

wheat, barley, and rye, while the exclusion of oats is still under debate. GFD is based on

a combination of naturally gluten-free foods and gluten-free substitutes of cereal-based

foods. Although effective as treatment of gluten-related disorders, today there is concern

about how to improve GFD’s nutritional quality, to make it not only gluten-free, but also

healthy. The “Mediterranean diet” (MedD) refers to the dietary pattern and eating habits

typical of populations living in the Mediterranean basin, which have been associated with

low prevalence of several diet-related pathologies. Here we present a narrative review

of the current knowledge about GFD and MedD, their characteristics and central food

components. Based on the Mediterranean diet pyramid developed by the Italian pediatric

society, we propose a combination between the MedD and the GFD, an attractive

alternative to reach a gluten-free state that at the same time is healthy, with a clear benefit

to those who practice it.

Keywords: gluten-free diet, Mediterranean diet, food pyramid, cereals, pseudocereals

INTRODUCTION

Gluten related disorders share in common that they are triggered by gluten ingestion. They are
a changing group of conditions, including celiac disease (CD), wheat allergy (WA), and non-
celiac gluten sensitivity (NCGS) (1). Although mediated by different pathogenic pathways, their
clinical manifestations may be similar (2), posing difficulties at the time of diagnosis (3). Their
only effective treatment is a gluten-free diet (GFD), which eliminates wheat, rye, and barley
consumption. GFD consists of a combination of naturally gluten-free foods (GFF) and gluten-free
substitutes prepared with a variety of gluten-free foods and cereals (4). Although highly effective,
GFD requires supervision by a trained professional, who must educate the patient and manage the
diet, because this is often poor in fiber and vitamins and high in lipid and sugar content (5). In
fact, excessive weight and obesity can also be a concern in celiac patients following a GFD, due to
the rich-energy gluten- free foods/products commonly eaten (6). Currently available gluten-free
products are often low in protein, with high fat and salt content. Higher levels of dietary fiber

Frontiers in Nutrition December 2020 | Volume 7 | Article 583981 

Pseudo-cereals are buckwheat, amaranth, quinoa, and chia. 
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 Abstract 

This observational trial examined the subjective impact of HTB Rejuvenate™, a phytochemical-rich dietary supplement, 
on immune-related health. Eighteen apparently healthy individuals (14 women, 4 men; average age 61±7.5 years) 
consumed two capsules twice daily (a total of two thousand milligrams) of a dietary supplement formulated with a 
Himalayan Tartary buckwheat flour blend containing a concentration of its bioactive phytochemicals (HTB 
Rejuvenate™) for 30 days. Principal bioactive molecules found in the studied supplement included rutin, quercetin, 
hesperidin, luteolin, diosmin, 2-hydroxybenzylamine (2-HOBA), and hydroxymethylbutyrate (HMB). In previous 
studies, these molecules have been found to play a role in adaptive immunomodulation, including support for apoptosis, 
autophagy, and mitophagy processes. Participants simultaneously tracked their perceived health status using a variety 
of health questionnaires, which included the Medical Outcome 36 Survey (MOS SF36), the NIH Patient-Reported 
Outcome Measurement Information System (PROMIS), the Medical Symptoms Questionnaire (MSQ), and a novel 
questionnaire designed to correlate phenotypes of immune dysfunction with common health conditions (the Immuno-
Identity™ Questionnaire). Compared to the start of the study, paired t-test analysis revealed a significant improvement 
in scores on the Immuno-Identity™ Questionnaire and the Medical Symptoms Questionnaire at the end of the 30-day 
study period. There was a strong statistical correlation between the improvement in scores after the 30-day intervention 
on the Immuno-Identity™ Questionnaire and the Medical Symptom Questionnaire. The most common functional 
improvements were seen in energy, vitality, sleep, mood, pain, and cognition. 
 

 

Background 
It is well recognized that the immune system controls 

function far beyond the protection against infectious disease.1 
Scientific research increasingly supports the involvement of 
the immune system on diverse aspects of human health and 
suggests a role for targeted immune modulation in a variety of 
pathologies, including cancer, cardiovascular disease, mood 
disorders, autoimmune disease, and infectious disease.2 The 
influence of the immune system on overall health is in part a 
result of its presence in virtually every organ and tissue of the 
body, including the blood, intestinal tract, liver, adipose tissue, 
brain, muscle, respiratory tract, and connective tissue. A better 
understanding of underlying immunological patterns and their 
correlations with existing pathological health patterns may 
help to guide immunological interventions. In addition to 
pharmaceutical therapies, dietary and supplement-based 
interventions including vitamins, minerals, and 
phytochemicals may help shift immunological status towards 
a more adaptive state. 

The makeup and function of the immune system has been 
shown to reflect and integrate a wide variety of environmental 
and dietary influences. Alterations in immune system function 
has been associated with a wide array of symptoms and health-
related issues. It is also known that immune system function 
varies widely among individuals, and this variation is largely 
driven by non-heritable influences.3,4 This suggests that an 
individual’s diet, environment, and other lifestyle factors may 
have a dominant role in “training” the immune system and 
could perhaps be more significant than genetic inheritance. 

Factors Associated with Immunological Resilience  
Aging is associated with decreased immune resilience to 

infectious and inflammatory diseases. It is now recognized that 
it is not just the conventional concept of chronological age (as 
measured in birthdays), but rather the biological age of the 
immune system that influences its function.5 Whereas 
chronological age is not modifiable, it has been shown that the 
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It is well known that aging of the immune system is 
related to the epigenetic alteration of methylation 

patterns of the autophagy genes in macrophage cells. 
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The flavonoids that have been demonstrated to 
enhance mitophagy include ...quercetin and rutin have 
important roles in promoting mitochondrial function 
in immune cells and serving as “senolytics” in their 

ability to reduce immune senescence. 
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Among foods with elevated immune-rejuvenating potential, 
the ancient buckwheat cultivar Himalayan Tartary 

buckwheat (Fagopyrum tataricum) has been found to contain 
a unique repertoire of relevant phytochemicals. Compared to 

common buckwheat (Fagopyrum esculentum), Himalayan 
Tartary buckwheat analysis reveals over 100-fold greater 
levels of the flavonoid rutin and its metabolite quercetin 
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Gluten-free diet (GFD) is the current treatment of gluten-related disorders. It eliminates

wheat, barley, and rye, while the exclusion of oats is still under debate. GFD is based on

a combination of naturally gluten-free foods and gluten-free substitutes of cereal-based

foods. Although effective as treatment of gluten-related disorders, today there is concern

about how to improve GFD’s nutritional quality, to make it not only gluten-free, but also

healthy. The “Mediterranean diet” (MedD) refers to the dietary pattern and eating habits

typical of populations living in the Mediterranean basin, which have been associated with

low prevalence of several diet-related pathologies. Here we present a narrative review

of the current knowledge about GFD and MedD, their characteristics and central food

components. Based on the Mediterranean diet pyramid developed by the Italian pediatric

society, we propose a combination between the MedD and the GFD, an attractive

alternative to reach a gluten-free state that at the same time is healthy, with a clear benefit

to those who practice it.

Keywords: gluten-free diet, Mediterranean diet, food pyramid, cereals, pseudocereals

INTRODUCTION

Gluten related disorders share in common that they are triggered by gluten ingestion. They are
a changing group of conditions, including celiac disease (CD), wheat allergy (WA), and non-
celiac gluten sensitivity (NCGS) (1). Although mediated by different pathogenic pathways, their
clinical manifestations may be similar (2), posing difficulties at the time of diagnosis (3). Their
only effective treatment is a gluten-free diet (GFD), which eliminates wheat, rye, and barley
consumption. GFD consists of a combination of naturally gluten-free foods (GFF) and gluten-free
substitutes prepared with a variety of gluten-free foods and cereals (4). Although highly effective,
GFD requires supervision by a trained professional, who must educate the patient and manage the
diet, because this is often poor in fiber and vitamins and high in lipid and sugar content (5). In
fact, excessive weight and obesity can also be a concern in celiac patients following a GFD, due to
the rich-energy gluten- free foods/products commonly eaten (6). Currently available gluten-free
products are often low in protein, with high fat and salt content. Higher levels of dietary fiber
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Today there is concern about how to improve GFD’s 
nutritional quality, to make it not only gluten-free, 

but also healthy. 
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Gluten-free diet (GFD) is the current treatment of gluten-related disorders. It eliminates

wheat, barley, and rye, while the exclusion of oats is still under debate. GFD is based on

a combination of naturally gluten-free foods and gluten-free substitutes of cereal-based

foods. Although effective as treatment of gluten-related disorders, today there is concern

about how to improve GFD’s nutritional quality, to make it not only gluten-free, but also

healthy. The “Mediterranean diet” (MedD) refers to the dietary pattern and eating habits

typical of populations living in the Mediterranean basin, which have been associated with

low prevalence of several diet-related pathologies. Here we present a narrative review

of the current knowledge about GFD and MedD, their characteristics and central food

components. Based on the Mediterranean diet pyramid developed by the Italian pediatric

society, we propose a combination between the MedD and the GFD, an attractive

alternative to reach a gluten-free state that at the same time is healthy, with a clear benefit

to those who practice it.
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INTRODUCTION

Gluten related disorders share in common that they are triggered by gluten ingestion. They are
a changing group of conditions, including celiac disease (CD), wheat allergy (WA), and non-
celiac gluten sensitivity (NCGS) (1). Although mediated by different pathogenic pathways, their
clinical manifestations may be similar (2), posing difficulties at the time of diagnosis (3). Their
only effective treatment is a gluten-free diet (GFD), which eliminates wheat, rye, and barley
consumption. GFD consists of a combination of naturally gluten-free foods (GFF) and gluten-free
substitutes prepared with a variety of gluten-free foods and cereals (4). Although highly effective,
GFD requires supervision by a trained professional, who must educate the patient and manage the
diet, because this is often poor in fiber and vitamins and high in lipid and sugar content (5). In
fact, excessive weight and obesity can also be a concern in celiac patients following a GFD, due to
the rich-energy gluten- free foods/products commonly eaten (6). Currently available gluten-free
products are often low in protein, with high fat and salt content. Higher levels of dietary fiber

Bascuñán et al. Mediterranean Gluten-Free Diet

THE MEDITERRANEAN DIET,
FUNCTIONAL FOODS, AND GRAINS

Some foods such as phytochemicals, sulfur-containing
compounds, carotenoids, monoterpenes, phytosterols, and
different polyphenols. Today they classify as “nutraceuticals,”
the hybrid concept that mixes pharmaceuticals and nutrients
(71, 72). Functional foods are those foods containing specific
“nutraceuticals,” which enhance health or reduce the chance
of disease when regularly eaten. Vegetables are relevant
components of the Mediterranean diet, rich in flavonoids and
phytosterols. Fruits are good sources of terpenes, flavonoids,
minerals, and vitamins, which protect against oxidative stress.
Extra virgin olive oil has high concentrations of monosaturated
fatty acid and phytochemicals. Recent studies show that olive
oil plays a role in bone mineralization, reducing the risk of
osteoporosis. Herbs, spices, onions, and garlic, which are
widely used in the Mediterranean diet as condiments, contain

flavonoids. Whole grains provide dietary fiber, antioxidants,
resistant starch, phytoestrogens, and essential micro-nutrients.
In the grain-refining process, most of the bran and some of
the germ is removed, resulting in loss of dietary fiber and
some vitamins, minerals, lignans, phytoestrogens, phenolic
compounds, and phytic acid (Table 1).

In practical terms, MedD includes 3–5 daily servings of any
of the following: wheat, corn, spelt, barley, sorghum, millet,
buckwheat, quinoa, or rice. Whole grains can be consumed as
wholemeal flour, used to produce bread, pasta, and other foods.
A recent systematic review investigated the relationship between
the intake of whole grains and CVD, concluding that there is a
significant reduction of cardiovascular risk, stroke, CHD, type-2
diabetes, and obesity, for each 90 g/day (3 servings) increase of
whole-grain intake (73, 74).

How foods are prepared is most relevant in MedD. When
cooking tomatoes, for example, the addition of olive oil
increases the absorption of lycopene carotenoids, improving

FIGURE 1 | The Mediterranean GFD pyramid: a gluten-free lifestyle. A new graphic representation of the food pyramid based on the MedD is conceived, where

coexistence with the GFD is possible. The Mediterranean GFD pyramid gathers updated recommendations considering lifestyle, dietary, sociocultural, environmental,

and health challenges of individuals who follow a GFD in the context of healthy eating based on the MedD. MedD, Mediterranean diet; GFD, gluten-free diet.
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Fast food fever: reviewing the impacts of the
Western diet on immunity
Ian A Myles

Abstract

While numerous changes in human lifestyle constitute modern life, our diet has been gaining attention as a
potential contributor to the increase in immune-mediated diseases. The Western diet is characterized by an over
consumption and reduced variety of refined sugars, salt, and saturated fat. Herein our objective is to detail the
mechanisms for the Western diet’s impact on immune function. The manuscript reviews the impacts and mechanisms
of harm for our over-indulgence in sugar, salt, and fat, as well as the data outlining the impacts of artificial sweeteners,
gluten, and genetically modified foods; attention is given to revealing where the literature on the immune impacts of
macronutrients is limited to either animal or in vitro models versus where human trials exist. Detailed attention is given
to the dietary impact on the gut microbiome and the mechanisms by which our poor dietary choices are encoded into
our gut, our genes, and are passed to our offspring. While today’s modern diet may provide beneficial protection from
micro- and macronutrient deficiencies, our over abundance of calories and the macronutrients that compose our diet
may all lead to increased inflammation, reduced control of infection, increased rates of cancer, and increased risk for
allergic and auto-inflammatory disease.

Introduction
The Western diet is characterized by a high intake of satu-
rated and omega-6 fatty acids, reduced omega-3 fat intake,
an overuse of salt, and too much refined sugar [1]. Most
are aware that this type of eating, if not in moderation, can
damage the heart, kidneys, and waistlines; however, it is be-
coming increasingly clear that the modern diet also dam-
ages the immune system. The modern lifestyle is also
typified by reduced exposure to microorganisms, increased
exposure to pollutions, heightened levels of stress, and a
host of other exceptionally well reviewed variables that
likely contribute to immune dysfunction [2]. Therefore,
while dietary effects on immunity should not be thought of
in isolation, herein we focus on the body of evidence detail-
ing the mechanisms for the Western diet’s impact on
immune function.

Total nutrient intake
Intake of adequate calories and micronutrients is vital
for optimal immune function. Deficiency in total calories

and/or protein, as seen in parts of the world stricken
with starvation, severely reduces the immune system’s
ability to respond [3]. As one example, inflammatory
cytokines are themselves proteins, and thus infection
during starvation can lead to the production of these cy-
tokines at the expense of other proteins from blood and
tissues [3]. However, the obesity epidemic clearly out-
lines that today’s diet contains an over abundance of
nutrients [1]. While the Western world is not free from
micronutrient deficiencies, since this review aims at de-
tailing the immuno-nutrition of a Western diet not typ-
ically characterized by micronutrient deficiency, they are
thus considered outside the focus. Therefore, we encour-
age interested readers to seek out lovely review articles
on the immune impacts and mechanistic understandings
of dietary minerals and vitamins [3-6].
Adipocytes release inflammatory substances including

interleukin (IL-) 1, IL-6, and tumor necrosis factor
(TNF) [7]. In animal models, it appears that these signals
can act as false alarms that, over enough time and in
large enough amounts, cause the entire system to dial
down its responsiveness – analogous to a person remov-
ing a battery from a twitchy smoke detector that fre-
quently alarmed when no signs of fire were present [7,8].
When an actual infection comes along, the response
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The Western diet is characterized by a high intake of satu-
rated and omega-6 fatty acids, reduced omega-3 fat intake, 

an overuse of salt, and too much refined sugar.
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Figure 2. E↵ects of di↵erent types of diet on gut microbiota, mucus layer, and immune cells. Bacteria species variations are indicated in rectangular frames. The
arrows pointing up or down respectively indicate an increase or decrease of bacteria abundance. Each color of the rectangular frames represents one phylum: yellow
for Actinobacteria, green for Firmicutes, red for Proteobacteria, blue for Bacteroides, and purple for Verrumicrobia. In the illustration of the intestinal epithelium, oval
shapes represent microbiota. Each color represents one phylum. Abbreviations: FODMAP: fermentable oligo-, di-, mono-saccharides, and polyols; GFD: gluten-free
diet; SCFAs: short-chain fatty acids.
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Abstract
The ketogenic diet (KD) has gained immense popularity during the last decade, primarily

because of its successful short-term effect on weight loss. In the United States, KD is utilized in

a variety of patient populations for weight management, despite limited evidence regarding its

efficacy and risks. This literature review provides an evaluation of data on the benefits and risks

associated with the chronic use of KD, including its metabolic, endocrinological, and

cardiovascular effects.

Categories: Endocrinology/Diabetes/Metabolism, Medical Education

Keywords: ketogenic diet, low carbohydrate diet, low fat diet, polycystic ovarian syndrome, obesity,

diabetes mellitus, insulin resistance

Introduction And Background
Obesity is classified based on the body mass index (BMI) of the individual. A BMI of 18.5-

24.9 kg/m
2
 is considered to be the normal range, while a BMI of 25.0-29.9 is considered

overweight and a BMI ≥30 is classified as obese (further classified as obesity class I if BMI is

between 30.0-34.9, class II if BMI is between 35.0-39.9, and class III if BMI is ≥40.0). In 2016,

the World Health Organization (WHO) reported that more than 1.9 billion (39%) adults were

overweight globally and of these, over 650 million (13%) were obese [1]. Obesity is associated

with multiple comorbidities including type 2 diabetes, hypertension, cardiovascular disease

(CVD), cancer, sleep apnea, and obesity-hypoventilation syndrome (OHS). The effectiveness of

different types of diets based on different macronutrient restrictions has been a topic of debate

for the past few years. Some researchers support restriction in carbohydrate (CHO), while

others endorse cutting down protein or fats [2].

This review article will focus on the ketogenic diet KD, which is defined as a low-carbohydrate

diet (LCD) with a moderate amount of protein restriction to induce ketosis without restricting

fat intake [3]. The concept of KD was initially developed in 1921 by Dr. Russel Wilder for the

management of refractory seizures in pediatric patients [4]. Originally, the diet consisted of a

4:1 ratio of fat-to-CHO and protein. Fat provides upwards of 90% the caloric intake [5]. All

variations of this diet, whether involving animal- or plant-based derivatives, are based on

severely restricting overall intake of CHO with a goal of bringing it down to less than 50 g/day.

A well-formulated KD limits protein intake moderately to less than 1 g/lb body weight, or 1.5

g/lb body weight for individuals performing heavy exercises. Additionally, the diet does not

restrict fat intake while decreasing appetite and caloric intake, resulting in weight loss observed

1 2 3 4

5
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Abstract: The ketogenic diet is a dietary regime focused on strongly reducing carbohydrate intake
and increasing fat intake; leading to a state of ketosis. The ketogenic diet has gained much popularity
over the years due to its effects on promoting weight loss, increasing insulin sensitivity and reducing
dyslipidaemia. All these factors play a crucial role in the development of cardio-metabolic diseases;
one of the greatest health challenges of the time. Moreover, the ketogenic diet has been known to
reduce (epileptic) seizure activity. It is still poorly understood how following a ketogenic diet can lead
to these beneficial metabolic effects. However, in recent years it has become clear that diet and the
gut microbiota interact with one another and thus influence host health. The goal of this review is to
summarize the current state of knowledge regarding the beneficial metabolic effects of the ketogenic
diet and the role of gut microbiota in these effects.

Keywords: diet; ketogenic diet; gut microbiota; seizure; cardiometabolic disease

1. Introduction

The ketogenic diet is a form of diet focusing on reduced intake of carbohydrates and
increased intake of fat leading to a state of ketosis [1]. Different protocols exist of ketogenic
diets that differ in caloric content and macronutrient percentage which find applications
in neurological and metabolic disorders. Specifically, the classic ketogenic diet (cKD) has
been used to treat epilepsy in children continuously since 1921. cKD is a normocaloric
high-fat very low-carbohydrate diet, used worldwide for the treatment of drug-resistant
epilepsy (DRE) for its anticonvulsant effect and is typically composed of a 4:1 ratio of fat
(in grams) to protein plus carbohydrates (in grams), thus shifting the predominant caloric
source from carbohydrates to fat [2]. However, there are variations of this diet in which
this fat to protein and carbohydrate ratio differs (e.g., modified Atkins diet, low glycemic
index treatment, and medium-chain triglyceride diet) [2,3]. Another variation is the very
low-calorie ketogenic diet (VLCKD) has been recently proposed as an appealing nutritional
strategy for obesity management. The VLCKD is characterized by a low carbohydrate
content (<50 g/day), 1–1.5 g of protein/kg of ideal body weight, 15–30 g of fat/day, and a
daily intake of about 500–800 calories [4].

In recent years the ketogenic diet has gained much of its former position back as a po-
tential method to promote weight loss and reduce insulin resistance in both type 1 and type
2 diabetes [5–7]. However, concerns also exist about the long-term efficacy in weight loss
and the potential adverse effects on renal function and blood lipid levels due to increased
intake of protein and fat [7]. Especially in diabetes, increased animal protein, but not plant
protein intake has been associated with insulin resistance and increased morbidity [8,9].
Mechanisms of these results are largely unknown. However, a possible mechanism might
be that the regulation of glucose and insulin levels could be undermined due to phospho-
rylation that is caused by branched-chain and aromatic amino acids, which are mainly
derived from animal protein [9–12]. In addition, foods high in animal protein also contain

Nutrients 2022, 14, 191. https://doi.org/10.3390/nu14010191 https://www.mdpi.com/journal/nutrients
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The exact mechanism by which a ketogenic diet 
promotes its beneficial metabolic effects regarding 
seizure activity, obesity, dyslipidaemia, and insulin 
resistance remains unknown, but recent evidence 

points towards a crucial role for the gut microbiota  
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Very-low-carbohydrate ketogenic diets have been long been used to reduce seizure

frequency and more recently have been promoted for a variety of health conditions,

including obesity, diabetes, and liver disease. Ketogenic diets may provide short-term

improvement and aid in symptom management for some chronic diseases. Such diets

affect diet quality, typically increasing intake of foods linked to chronic disease risk

and decreasing intake of foods found to be protective in epidemiological studies. This

review examines the effects of ketogenic diets on common chronic diseases, as well

as their impact on diet quality and possible risks associated with their use. Given

often-temporary improvements, unfavorable effects on dietary intake, and inadequate

data demonstrating long-term safety, for most individuals, the risks of ketogenic diets

may outweigh the benefits.

Keywords: ketogenic diet, very-low-carbohydrate diet, low-carbohydrate diet, obesity, disease prevention

INTRODUCTION

Very-low-carbohydrate (ketogenic) diets have been promoted for weight loss and, less commonly,
for other health reasons. This review summarizes the effects of a ketogenic diet on health conditions
for which it has been promoted, as well as potential long-term effects on health.

The term “ketogenic diet” generally refers to a diet that is very low in carbohydrate, modest
in protein, and high in fat. This mix of fuels aims to induce ketosis, or the production of ketone
bodies that serve as an alternate energy source for neurons and other cell types that cannot
directly metabolize fatty acids. Urinary ketone levels are often used as an indicator of dietary
adherence (1).

Various ketogenic diets have been studied, as shown in Table 1. The best defined and studied
is sometimes called a “classic” ketogenic diet, referring to a very-low-carbohydrate diet that is
generally medically supervised, with a 4:1 or 3:1 ratio, by weight, of dietary fat to combined dietary
protein and carbohydrate (2).

Other variants allowmore protein or carbohydrate (2). Ketogenic diets as typically implemented
in scientific studies limit dietary carbohydrate to <50 g per day with varying amounts of fat and
protein (3, 4). “Low-carbohydrate diets” refer to carbohydrate intake below the recommended
dietary allowance of 130 g/day (3), which may not be low enough to induce ketosis (5).

Ketogenic diets can cause fatigue, headache, nausea, 
constipation, hypoglycemia, and acidosis, especially within 

the first few days to weeks of following the diet
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frequency and more recently have been promoted for a variety of health conditions,

including obesity, diabetes, and liver disease. Ketogenic diets may provide short-term

improvement and aid in symptom management for some chronic diseases. Such diets

affect diet quality, typically increasing intake of foods linked to chronic disease risk

and decreasing intake of foods found to be protective in epidemiological studies. This

review examines the effects of ketogenic diets on common chronic diseases, as well

as their impact on diet quality and possible risks associated with their use. Given
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INTRODUCTION

Very-low-carbohydrate (ketogenic) diets have been promoted for weight loss and, less commonly,
for other health reasons. This review summarizes the effects of a ketogenic diet on health conditions
for which it has been promoted, as well as potential long-term effects on health.

The term “ketogenic diet” generally refers to a diet that is very low in carbohydrate, modest
in protein, and high in fat. This mix of fuels aims to induce ketosis, or the production of ketone
bodies that serve as an alternate energy source for neurons and other cell types that cannot
directly metabolize fatty acids. Urinary ketone levels are often used as an indicator of dietary
adherence (1).

Various ketogenic diets have been studied, as shown in Table 1. The best defined and studied
is sometimes called a “classic” ketogenic diet, referring to a very-low-carbohydrate diet that is
generally medically supervised, with a 4:1 or 3:1 ratio, by weight, of dietary fat to combined dietary
protein and carbohydrate (2).

Other variants allowmore protein or carbohydrate (2). Ketogenic diets as typically implemented
in scientific studies limit dietary carbohydrate to <50 g per day with varying amounts of fat and
protein (3, 4). “Low-carbohydrate diets” refer to carbohydrate intake below the recommended
dietary allowance of 130 g/day (3), which may not be low enough to induce ketosis (5).

Dehydration, hepatitis, pancreatitis, hypertriglyceridemia, 
hyperuricemia, hypercholesterolemia, hypomagnesemia, 

and hyponatremia can also occur. 
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affect diet quality, typically increasing intake of foods linked to chronic disease risk
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INTRODUCTION

Very-low-carbohydrate (ketogenic) diets have been promoted for weight loss and, less commonly,
for other health reasons. This review summarizes the effects of a ketogenic diet on health conditions
for which it has been promoted, as well as potential long-term effects on health.

The term “ketogenic diet” generally refers to a diet that is very low in carbohydrate, modest
in protein, and high in fat. This mix of fuels aims to induce ketosis, or the production of ketone
bodies that serve as an alternate energy source for neurons and other cell types that cannot
directly metabolize fatty acids. Urinary ketone levels are often used as an indicator of dietary
adherence (1).

Various ketogenic diets have been studied, as shown in Table 1. The best defined and studied
is sometimes called a “classic” ketogenic diet, referring to a very-low-carbohydrate diet that is
generally medically supervised, with a 4:1 or 3:1 ratio, by weight, of dietary fat to combined dietary
protein and carbohydrate (2).

Other variants allowmore protein or carbohydrate (2). Ketogenic diets as typically implemented
in scientific studies limit dietary carbohydrate to <50 g per day with varying amounts of fat and
protein (3, 4). “Low-carbohydrate diets” refer to carbohydrate intake below the recommended
dietary allowance of 130 g/day (3), which may not be low enough to induce ketosis (5).

Longer-term effects can include decreased bone mineral 
density, nephrolithiasis, cardiomyopathy, anemia, and 

neuropathy of the optic nerve 
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Abstract: The ketogenic diet is a dietary regime focused on strongly reducing carbohydrate intake
and increasing fat intake; leading to a state of ketosis. The ketogenic diet has gained much popularity
over the years due to its effects on promoting weight loss, increasing insulin sensitivity and reducing
dyslipidaemia. All these factors play a crucial role in the development of cardio-metabolic diseases;
one of the greatest health challenges of the time. Moreover, the ketogenic diet has been known to
reduce (epileptic) seizure activity. It is still poorly understood how following a ketogenic diet can lead
to these beneficial metabolic effects. However, in recent years it has become clear that diet and the
gut microbiota interact with one another and thus influence host health. The goal of this review is to
summarize the current state of knowledge regarding the beneficial metabolic effects of the ketogenic
diet and the role of gut microbiota in these effects.

Keywords: diet; ketogenic diet; gut microbiota; seizure; cardiometabolic disease

1. Introduction

The ketogenic diet is a form of diet focusing on reduced intake of carbohydrates and
increased intake of fat leading to a state of ketosis [1]. Different protocols exist of ketogenic
diets that differ in caloric content and macronutrient percentage which find applications
in neurological and metabolic disorders. Specifically, the classic ketogenic diet (cKD) has
been used to treat epilepsy in children continuously since 1921. cKD is a normocaloric
high-fat very low-carbohydrate diet, used worldwide for the treatment of drug-resistant
epilepsy (DRE) for its anticonvulsant effect and is typically composed of a 4:1 ratio of fat
(in grams) to protein plus carbohydrates (in grams), thus shifting the predominant caloric
source from carbohydrates to fat [2]. However, there are variations of this diet in which
this fat to protein and carbohydrate ratio differs (e.g., modified Atkins diet, low glycemic
index treatment, and medium-chain triglyceride diet) [2,3]. Another variation is the very
low-calorie ketogenic diet (VLCKD) has been recently proposed as an appealing nutritional
strategy for obesity management. The VLCKD is characterized by a low carbohydrate
content (<50 g/day), 1–1.5 g of protein/kg of ideal body weight, 15–30 g of fat/day, and a
daily intake of about 500–800 calories [4].

In recent years the ketogenic diet has gained much of its former position back as a po-
tential method to promote weight loss and reduce insulin resistance in both type 1 and type
2 diabetes [5–7]. However, concerns also exist about the long-term efficacy in weight loss
and the potential adverse effects on renal function and blood lipid levels due to increased
intake of protein and fat [7]. Especially in diabetes, increased animal protein, but not plant
protein intake has been associated with insulin resistance and increased morbidity [8,9].
Mechanisms of these results are largely unknown. However, a possible mechanism might
be that the regulation of glucose and insulin levels could be undermined due to phospho-
rylation that is caused by branched-chain and aromatic amino acids, which are mainly
derived from animal protein [9–12]. In addition, foods high in animal protein also contain
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Abstract
The ketogenic diet (KD) has gained immense popularity during the last decade, primarily

because of its successful short-term effect on weight loss. In the United States, KD is utilized in

a variety of patient populations for weight management, despite limited evidence regarding its

efficacy and risks. This literature review provides an evaluation of data on the benefits and risks

associated with the chronic use of KD, including its metabolic, endocrinological, and

cardiovascular effects.
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Introduction And Background
Obesity is classified based on the body mass index (BMI) of the individual. A BMI of 18.5-

24.9 kg/m
2
 is considered to be the normal range, while a BMI of 25.0-29.9 is considered

overweight and a BMI ≥30 is classified as obese (further classified as obesity class I if BMI is

between 30.0-34.9, class II if BMI is between 35.0-39.9, and class III if BMI is ≥40.0). In 2016,

the World Health Organization (WHO) reported that more than 1.9 billion (39%) adults were

overweight globally and of these, over 650 million (13%) were obese [1]. Obesity is associated

with multiple comorbidities including type 2 diabetes, hypertension, cardiovascular disease

(CVD), cancer, sleep apnea, and obesity-hypoventilation syndrome (OHS). The effectiveness of

different types of diets based on different macronutrient restrictions has been a topic of debate

for the past few years. Some researchers support restriction in carbohydrate (CHO), while

others endorse cutting down protein or fats [2].

This review article will focus on the ketogenic diet KD, which is defined as a low-carbohydrate

diet (LCD) with a moderate amount of protein restriction to induce ketosis without restricting

fat intake [3]. The concept of KD was initially developed in 1921 by Dr. Russel Wilder for the

management of refractory seizures in pediatric patients [4]. Originally, the diet consisted of a

4:1 ratio of fat-to-CHO and protein. Fat provides upwards of 90% the caloric intake [5]. All

variations of this diet, whether involving animal- or plant-based derivatives, are based on

severely restricting overall intake of CHO with a goal of bringing it down to less than 50 g/day.

A well-formulated KD limits protein intake moderately to less than 1 g/lb body weight, or 1.5

g/lb body weight for individuals performing heavy exercises. Additionally, the diet does not

restrict fat intake while decreasing appetite and caloric intake, resulting in weight loss observed

1 2 3 4

5

 
Open Access Review

Article  DOI: 10.7759/cureus.9639

How to cite this article

Batch J T, Lamsal S P, Adkins M, et al. (August 10, 2020) Advantages and Disadvantages of the Ketogenic

Diet: A Review Article. Cureus 12(8): e9639. DOI 10.7759/cureus.9639Cureus 12(8): 2020,e9639. DOI 10.7759/cureus.9639 

Long-term side effects include hepatic steatosis, kidney 
stones, hypoproteinemia, and vitamin deficiency. 



!"#!$%&'(!
!"#$%&'

Citation: Attaye, I.; van Oppenraaij,

S.; Warmbrunn, M.V.; Nieuwdorp, M.

The Role of the Gut Microbiota on the

Beneficial Effects of Ketogenic Diets.

Nutrients 2022, 14, 191. https://

doi.org/10.3390/nu14010191

Academic Editors: Jane Shearer,

Marina Mourtzakis and

Matthias Klein

Received: 8 November 2021

Accepted: 28 December 2021

Published: 31 December 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

nutrients

Review

The Role of the Gut Microbiota on the Beneficial Effects of

Ketogenic Diets

Ilias Attaye * , Sophie van Oppenraaij, Moritz V. Warmbrunn and Max Nieuwdorp *

Department of Internal Medicine and Vascular Medicine, Amsterdam University Medical Center,
Location Academic Medical Center, 1105 Amsterdam, The Netherlands; sophievoppenraaij@gmail.com (S.v.O.);
m.v.warmbrunn@amsterdamumc.nl (M.V.W.)
* Correspondence: i.attaye@amsterdamumc.nl (I.A.); m.nieuwdorp@amsterdamumc.nl (M.N.)

Abstract: The ketogenic diet is a dietary regime focused on strongly reducing carbohydrate intake
and increasing fat intake; leading to a state of ketosis. The ketogenic diet has gained much popularity
over the years due to its effects on promoting weight loss, increasing insulin sensitivity and reducing
dyslipidaemia. All these factors play a crucial role in the development of cardio-metabolic diseases;
one of the greatest health challenges of the time. Moreover, the ketogenic diet has been known to
reduce (epileptic) seizure activity. It is still poorly understood how following a ketogenic diet can lead
to these beneficial metabolic effects. However, in recent years it has become clear that diet and the
gut microbiota interact with one another and thus influence host health. The goal of this review is to
summarize the current state of knowledge regarding the beneficial metabolic effects of the ketogenic
diet and the role of gut microbiota in these effects.

Keywords: diet; ketogenic diet; gut microbiota; seizure; cardiometabolic disease

1. Introduction

The ketogenic diet is a form of diet focusing on reduced intake of carbohydrates and
increased intake of fat leading to a state of ketosis [1]. Different protocols exist of ketogenic
diets that differ in caloric content and macronutrient percentage which find applications
in neurological and metabolic disorders. Specifically, the classic ketogenic diet (cKD) has
been used to treat epilepsy in children continuously since 1921. cKD is a normocaloric
high-fat very low-carbohydrate diet, used worldwide for the treatment of drug-resistant
epilepsy (DRE) for its anticonvulsant effect and is typically composed of a 4:1 ratio of fat
(in grams) to protein plus carbohydrates (in grams), thus shifting the predominant caloric
source from carbohydrates to fat [2]. However, there are variations of this diet in which
this fat to protein and carbohydrate ratio differs (e.g., modified Atkins diet, low glycemic
index treatment, and medium-chain triglyceride diet) [2,3]. Another variation is the very
low-calorie ketogenic diet (VLCKD) has been recently proposed as an appealing nutritional
strategy for obesity management. The VLCKD is characterized by a low carbohydrate
content (<50 g/day), 1–1.5 g of protein/kg of ideal body weight, 15–30 g of fat/day, and a
daily intake of about 500–800 calories [4].

In recent years the ketogenic diet has gained much of its former position back as a po-
tential method to promote weight loss and reduce insulin resistance in both type 1 and type
2 diabetes [5–7]. However, concerns also exist about the long-term efficacy in weight loss
and the potential adverse effects on renal function and blood lipid levels due to increased
intake of protein and fat [7]. Especially in diabetes, increased animal protein, but not plant
protein intake has been associated with insulin resistance and increased morbidity [8,9].
Mechanisms of these results are largely unknown. However, a possible mechanism might
be that the regulation of glucose and insulin levels could be undermined due to phospho-
rylation that is caused by branched-chain and aromatic amino acids, which are mainly
derived from animal protein [9–12]. In addition, foods high in animal protein also contain
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Introduction And Background
Obesity is classified based on the body mass index (BMI) of the individual. A BMI of 18.5-

24.9 kg/m
2
 is considered to be the normal range, while a BMI of 25.0-29.9 is considered

overweight and a BMI ≥30 is classified as obese (further classified as obesity class I if BMI is

between 30.0-34.9, class II if BMI is between 35.0-39.9, and class III if BMI is ≥40.0). In 2016,

the World Health Organization (WHO) reported that more than 1.9 billion (39%) adults were

overweight globally and of these, over 650 million (13%) were obese [1]. Obesity is associated

with multiple comorbidities including type 2 diabetes, hypertension, cardiovascular disease

(CVD), cancer, sleep apnea, and obesity-hypoventilation syndrome (OHS). The effectiveness of

different types of diets based on different macronutrient restrictions has been a topic of debate

for the past few years. Some researchers support restriction in carbohydrate (CHO), while

others endorse cutting down protein or fats [2].

This review article will focus on the ketogenic diet KD, which is defined as a low-carbohydrate

diet (LCD) with a moderate amount of protein restriction to induce ketosis without restricting

fat intake [3]. The concept of KD was initially developed in 1921 by Dr. Russel Wilder for the

management of refractory seizures in pediatric patients [4]. Originally, the diet consisted of a

4:1 ratio of fat-to-CHO and protein. Fat provides upwards of 90% the caloric intake [5]. All

variations of this diet, whether involving animal- or plant-based derivatives, are based on

severely restricting overall intake of CHO with a goal of bringing it down to less than 50 g/day.

A well-formulated KD limits protein intake moderately to less than 1 g/lb body weight, or 1.5

g/lb body weight for individuals performing heavy exercises. Additionally, the diet does not

restrict fat intake while decreasing appetite and caloric intake, resulting in weight loss observed
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Based on our review, within the first 6-12 months of 
initiating KD, transient decreases in blood pressure, 

triglycerides, and glycosylated hemoglobin, as well as 
increases in HDL and weight loss may be observed. 

However, the aforementioned effects are generally not 
seen after 12 months of therapy  
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Abstract: The ketogenic diet is a dietary regime focused on strongly reducing carbohydrate intake
and increasing fat intake; leading to a state of ketosis. The ketogenic diet has gained much popularity
over the years due to its effects on promoting weight loss, increasing insulin sensitivity and reducing
dyslipidaemia. All these factors play a crucial role in the development of cardio-metabolic diseases;
one of the greatest health challenges of the time. Moreover, the ketogenic diet has been known to
reduce (epileptic) seizure activity. It is still poorly understood how following a ketogenic diet can lead
to these beneficial metabolic effects. However, in recent years it has become clear that diet and the
gut microbiota interact with one another and thus influence host health. The goal of this review is to
summarize the current state of knowledge regarding the beneficial metabolic effects of the ketogenic
diet and the role of gut microbiota in these effects.
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1. Introduction

The ketogenic diet is a form of diet focusing on reduced intake of carbohydrates and
increased intake of fat leading to a state of ketosis [1]. Different protocols exist of ketogenic
diets that differ in caloric content and macronutrient percentage which find applications
in neurological and metabolic disorders. Specifically, the classic ketogenic diet (cKD) has
been used to treat epilepsy in children continuously since 1921. cKD is a normocaloric
high-fat very low-carbohydrate diet, used worldwide for the treatment of drug-resistant
epilepsy (DRE) for its anticonvulsant effect and is typically composed of a 4:1 ratio of fat
(in grams) to protein plus carbohydrates (in grams), thus shifting the predominant caloric
source from carbohydrates to fat [2]. However, there are variations of this diet in which
this fat to protein and carbohydrate ratio differs (e.g., modified Atkins diet, low glycemic
index treatment, and medium-chain triglyceride diet) [2,3]. Another variation is the very
low-calorie ketogenic diet (VLCKD) has been recently proposed as an appealing nutritional
strategy for obesity management. The VLCKD is characterized by a low carbohydrate
content (<50 g/day), 1–1.5 g of protein/kg of ideal body weight, 15–30 g of fat/day, and a
daily intake of about 500–800 calories [4].

In recent years the ketogenic diet has gained much of its former position back as a po-
tential method to promote weight loss and reduce insulin resistance in both type 1 and type
2 diabetes [5–7]. However, concerns also exist about the long-term efficacy in weight loss
and the potential adverse effects on renal function and blood lipid levels due to increased
intake of protein and fat [7]. Especially in diabetes, increased animal protein, but not plant
protein intake has been associated with insulin resistance and increased morbidity [8,9].
Mechanisms of these results are largely unknown. However, a possible mechanism might
be that the regulation of glucose and insulin levels could be undermined due to phospho-
rylation that is caused by branched-chain and aromatic amino acids, which are mainly
derived from animal protein [9–12]. In addition, foods high in animal protein also contain
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Figure 2. E↵ects of di↵erent types of diet on gut microbiota, mucus layer, and immune cells. Bacteria species variations are indicated in rectangular frames. The
arrows pointing up or down respectively indicate an increase or decrease of bacteria abundance. Each color of the rectangular frames represents one phylum: yellow
for Actinobacteria, green for Firmicutes, red for Proteobacteria, blue for Bacteroides, and purple for Verrumicrobia. In the illustration of the intestinal epithelium, oval
shapes represent microbiota. Each color represents one phylum. Abbreviations: FODMAP: fermentable oligo-, di-, mono-saccharides, and polyols; GFD: gluten-free
diet; SCFAs: short-chain fatty acids.
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The difference in gut microbiota composition between individuals following vegan or

vegetarian diets and those following omnivorous diets is well documented. A plant-based

diet appears to be beneficial for human health by promoting the development of

more diverse and stable microbial systems. Additionally, vegans and vegetarians have

significantly higher counts of certain Bacteroidetes-related operational taxonomic units

compared to omnivores. Fibers (that is, non-digestible carbohydrates, found exclusively

in plants) most consistently increase lactic acid bacteria, such as Ruminococcus, E.

rectale, and Roseburia, and reduce Clostridium and Enterococcus species. Polyphenols,

also abundant in plant foods, increase Bifidobacterium and Lactobacillus, which provide

anti-pathogenic and anti-inflammatory effects and cardiovascular protection. High fiber

intake also encourages the growth of species that ferment fiber into metabolites

as short-chain fatty acids (SCFAs), including acetate, propionate, and butyrate. The

positive health effects of SCFAs are myriad, including improved immunity against

pathogens, blood–brain barrier integrity, provision of energy substrates, and regulation

of critical functions of the intestine. In conclusion, the available literature suggests that a

vegetarian/vegan diet is effective in promoting a diverse ecosystem of beneficial bacteria

to support both human gut microbiome and overall health. This review will focus on

effects of different diets and nutrient contents, particularly plant-based diets, on the gut

microbiota composition and production of microbial metabolites affecting the host health.

Keywords: gut microbiota, fiber, nutrition, plant-based diet, postbiotics

INTRODUCTION

Recent studies of the human microbiome have emerged as an area of popular interest. For decades,
many investigations have elucidated the impact of the human gut microbiota on the physiology of
the host, with new and unexpectedly broad implications for health and disease.

The human microbiota, defined as the total of all microbial taxa associated with human
beings (bacteria, viruses, fungi, protozoa, archaea), consists of a newly estimated 3 × 1013

(trillion) microbes harbored by each person (1). The term microbiome is often incorrectly used
interchangeably with the term microbiota. However, microbiome refers to the catalog of these
microbes and their genes. The human gut microbiome represents ∼3.3 million non-redundant
microbial genes, which outnumbers the human genome of some 21,000 genes in the ratio of
∼150:1 (2). Interestingly, the diversity among the microbiomes of two different individuals is vast
compared to their human genomic variation; humans are about 99.9% identical to each other in
terms of their genome (3), but their gut microbiome can be up to 80–90% different (4).
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Abstract: The gut microbiota is a changing ecosystem, containing trillions of bacteria, continuously
shaped by many factors, such as dietary habits, seasonality, lifestyle, stress, antibiotics use, or diseases.
A healthy host–microorganisms balance must be respected in order to optimally maintain the intestinal
barrier and immune system functions and, consequently, prevent disease development. In the past
several decades, the adoption of modern dietary habits has become a growing health concern, as it is
strongly associated with obesity and related metabolic diseases, promoting inflammation and both
structural and behavioral changes in gut microbiota. In this context, novel dietary strategies are
emerging to prevent diseases and maintain health. However, the consequences of these di↵erent diets
on gut microbiota modulation are still largely unknown, and could potentially lead to alterations
of gut microbiota, intestinal barrier, and the immune system. The present review aimed to focus
on the impact of single food components (macronutrients and micronutrients), salt, food additives,
and di↵erent dietary habits (i.e., vegan and vegetarian, gluten-free, ketogenic, high sugar, low
FODMAP, Western-type, and Mediterranean diets) on gut microbiota composition in order to define
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1. Introduction

The human gastrointestinal (GI) tract harbors more than 100,000 billion microorganisms,
representing 10–100 times the number of human cells [1]. Bacteria are classified according to phyla,
classes, orders, families, genera, and species. Only a few phyla are represented in the gut, accounting
for more than 160 species [2]. The dominant gut microbial phyla are Firmicutes, Bacteroidetes,
Actinobacteria, Proteobacteria, Fusobacteria, and Verrucomicrobia, with the two phyla Firmicutes and
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Abstract: The gut microbiota is a changing ecosystem, containing trillions of bacteria, continuously
shaped by many factors, such as dietary habits, seasonality, lifestyle, stress, antibiotics use, or diseases.
A healthy host–microorganisms balance must be respected in order to optimally maintain the intestinal
barrier and immune system functions and, consequently, prevent disease development. In the past
several decades, the adoption of modern dietary habits has become a growing health concern, as it is
strongly associated with obesity and related metabolic diseases, promoting inflammation and both
structural and behavioral changes in gut microbiota. In this context, novel dietary strategies are
emerging to prevent diseases and maintain health. However, the consequences of these di↵erent diets
on gut microbiota modulation are still largely unknown, and could potentially lead to alterations
of gut microbiota, intestinal barrier, and the immune system. The present review aimed to focus
on the impact of single food components (macronutrients and micronutrients), salt, food additives,
and di↵erent dietary habits (i.e., vegan and vegetarian, gluten-free, ketogenic, high sugar, low
FODMAP, Western-type, and Mediterranean diets) on gut microbiota composition in order to define
the optimal diet for a healthy modulation of gut microbiota.
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1. Introduction

The human gastrointestinal (GI) tract harbors more than 100,000 billion microorganisms,
representing 10–100 times the number of human cells [1]. Bacteria are classified according to phyla,
classes, orders, families, genera, and species. Only a few phyla are represented in the gut, accounting
for more than 160 species [2]. The dominant gut microbial phyla are Firmicutes, Bacteroidetes,
Actinobacteria, Proteobacteria, Fusobacteria, and Verrucomicrobia, with the two phyla Firmicutes and
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Abstract: The gut microbiota is a changing ecosystem, containing trillions of bacteria, continuously
shaped by many factors, such as dietary habits, seasonality, lifestyle, stress, antibiotics use, or diseases.
A healthy host–microorganisms balance must be respected in order to optimally maintain the intestinal
barrier and immune system functions and, consequently, prevent disease development. In the past
several decades, the adoption of modern dietary habits has become a growing health concern, as it is
strongly associated with obesity and related metabolic diseases, promoting inflammation and both
structural and behavioral changes in gut microbiota. In this context, novel dietary strategies are
emerging to prevent diseases and maintain health. However, the consequences of these di↵erent diets
on gut microbiota modulation are still largely unknown, and could potentially lead to alterations
of gut microbiota, intestinal barrier, and the immune system. The present review aimed to focus
on the impact of single food components (macronutrients and micronutrients), salt, food additives,
and di↵erent dietary habits (i.e., vegan and vegetarian, gluten-free, ketogenic, high sugar, low
FODMAP, Western-type, and Mediterranean diets) on gut microbiota composition in order to define
the optimal diet for a healthy modulation of gut microbiota.
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1. Introduction

The human gastrointestinal (GI) tract harbors more than 100,000 billion microorganisms,
representing 10–100 times the number of human cells [1]. Bacteria are classified according to phyla,
classes, orders, families, genera, and species. Only a few phyla are represented in the gut, accounting
for more than 160 species [2]. The dominant gut microbial phyla are Firmicutes, Bacteroidetes,
Actinobacteria, Proteobacteria, Fusobacteria, and Verrucomicrobia, with the two phyla Firmicutes and
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Figure 2. E↵ects of di↵erent types of diet on gut microbiota, mucus layer, and immune cells. Bacteria species variations are indicated in rectangular frames. The
arrows pointing up or down respectively indicate an increase or decrease of bacteria abundance. Each color of the rectangular frames represents one phylum: yellow
for Actinobacteria, green for Firmicutes, red for Proteobacteria, blue for Bacteroides, and purple for Verrumicrobia. In the illustration of the intestinal epithelium, oval
shapes represent microbiota. Each color represents one phylum. Abbreviations: FODMAP: fermentable oligo-, di-, mono-saccharides, and polyols; GFD: gluten-free
diet; SCFAs: short-chain fatty acids.
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Abstract: The gut microbiota is a changing ecosystem, containing trillions of bacteria, continuously
shaped by many factors, such as dietary habits, seasonality, lifestyle, stress, antibiotics use, or diseases.
A healthy host–microorganisms balance must be respected in order to optimally maintain the intestinal
barrier and immune system functions and, consequently, prevent disease development. In the past
several decades, the adoption of modern dietary habits has become a growing health concern, as it is
strongly associated with obesity and related metabolic diseases, promoting inflammation and both
structural and behavioral changes in gut microbiota. In this context, novel dietary strategies are
emerging to prevent diseases and maintain health. However, the consequences of these di↵erent diets
on gut microbiota modulation are still largely unknown, and could potentially lead to alterations
of gut microbiota, intestinal barrier, and the immune system. The present review aimed to focus
on the impact of single food components (macronutrients and micronutrients), salt, food additives,
and di↵erent dietary habits (i.e., vegan and vegetarian, gluten-free, ketogenic, high sugar, low
FODMAP, Western-type, and Mediterranean diets) on gut microbiota composition in order to define
the optimal diet for a healthy modulation of gut microbiota.

Keywords: non-communicable diseases; leaky gut; gut microbiota modulation; diet; macronutrients;
micronutrients; salt; food additives; low-calorie sweeteners; dietary emulsifiers; dietary habits;
personalized medicine

1. Introduction

The human gastrointestinal (GI) tract harbors more than 100,000 billion microorganisms,
representing 10–100 times the number of human cells [1]. Bacteria are classified according to phyla,
classes, orders, families, genera, and species. Only a few phyla are represented in the gut, accounting
for more than 160 species [2]. The dominant gut microbial phyla are Firmicutes, Bacteroidetes,
Actinobacteria, Proteobacteria, Fusobacteria, and Verrucomicrobia, with the two phyla Firmicutes and
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Abstract: The gut microbiota is a changing ecosystem, containing trillions of bacteria, continuously
shaped by many factors, such as dietary habits, seasonality, lifestyle, stress, antibiotics use, or diseases.
A healthy host–microorganisms balance must be respected in order to optimally maintain the intestinal
barrier and immune system functions and, consequently, prevent disease development. In the past
several decades, the adoption of modern dietary habits has become a growing health concern, as it is
strongly associated with obesity and related metabolic diseases, promoting inflammation and both
structural and behavioral changes in gut microbiota. In this context, novel dietary strategies are
emerging to prevent diseases and maintain health. However, the consequences of these di↵erent diets
on gut microbiota modulation are still largely unknown, and could potentially lead to alterations
of gut microbiota, intestinal barrier, and the immune system. The present review aimed to focus
on the impact of single food components (macronutrients and micronutrients), salt, food additives,
and di↵erent dietary habits (i.e., vegan and vegetarian, gluten-free, ketogenic, high sugar, low
FODMAP, Western-type, and Mediterranean diets) on gut microbiota composition in order to define
the optimal diet for a healthy modulation of gut microbiota.
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1. Introduction

The human gastrointestinal (GI) tract harbors more than 100,000 billion microorganisms,
representing 10–100 times the number of human cells [1]. Bacteria are classified according to phyla,
classes, orders, families, genera, and species. Only a few phyla are represented in the gut, accounting
for more than 160 species [2]. The dominant gut microbial phyla are Firmicutes, Bacteroidetes,
Actinobacteria, Proteobacteria, Fusobacteria, and Verrucomicrobia, with the two phyla Firmicutes and
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Abstract: The gut microbiota is a changing ecosystem, containing trillions of bacteria, continuously
shaped by many factors, such as dietary habits, seasonality, lifestyle, stress, antibiotics use, or diseases.
A healthy host–microorganisms balance must be respected in order to optimally maintain the intestinal
barrier and immune system functions and, consequently, prevent disease development. In the past
several decades, the adoption of modern dietary habits has become a growing health concern, as it is
strongly associated with obesity and related metabolic diseases, promoting inflammation and both
structural and behavioral changes in gut microbiota. In this context, novel dietary strategies are
emerging to prevent diseases and maintain health. However, the consequences of these di↵erent diets
on gut microbiota modulation are still largely unknown, and could potentially lead to alterations
of gut microbiota, intestinal barrier, and the immune system. The present review aimed to focus
on the impact of single food components (macronutrients and micronutrients), salt, food additives,
and di↵erent dietary habits (i.e., vegan and vegetarian, gluten-free, ketogenic, high sugar, low
FODMAP, Western-type, and Mediterranean diets) on gut microbiota composition in order to define
the optimal diet for a healthy modulation of gut microbiota.
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1. Introduction

The human gastrointestinal (GI) tract harbors more than 100,000 billion microorganisms,
representing 10–100 times the number of human cells [1]. Bacteria are classified according to phyla,
classes, orders, families, genera, and species. Only a few phyla are represented in the gut, accounting
for more than 160 species [2]. The dominant gut microbial phyla are Firmicutes, Bacteroidetes,
Actinobacteria, Proteobacteria, Fusobacteria, and Verrucomicrobia, with the two phyla Firmicutes and
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Figure 2. E↵ects of di↵erent types of diet on gut microbiota, mucus layer, and immune cells. Bacteria species variations are indicated in rectangular frames. The
arrows pointing up or down respectively indicate an increase or decrease of bacteria abundance. Each color of the rectangular frames represents one phylum: yellow
for Actinobacteria, green for Firmicutes, red for Proteobacteria, blue for Bacteroides, and purple for Verrumicrobia. In the illustration of the intestinal epithelium, oval
shapes represent microbiota. Each color represents one phylum. Abbreviations: FODMAP: fermentable oligo-, di-, mono-saccharides, and polyols; GFD: gluten-free
diet; SCFAs: short-chain fatty acids.
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Gluten-free diet (GFD) is the current treatment of gluten-related disorders. It eliminates

wheat, barley, and rye, while the exclusion of oats is still under debate. GFD is based on

a combination of naturally gluten-free foods and gluten-free substitutes of cereal-based

foods. Although effective as treatment of gluten-related disorders, today there is concern

about how to improve GFD’s nutritional quality, to make it not only gluten-free, but also

healthy. The “Mediterranean diet” (MedD) refers to the dietary pattern and eating habits

typical of populations living in the Mediterranean basin, which have been associated with

low prevalence of several diet-related pathologies. Here we present a narrative review

of the current knowledge about GFD and MedD, their characteristics and central food

components. Based on the Mediterranean diet pyramid developed by the Italian pediatric

society, we propose a combination between the MedD and the GFD, an attractive

alternative to reach a gluten-free state that at the same time is healthy, with a clear benefit

to those who practice it.

Keywords: gluten-free diet, Mediterranean diet, food pyramid, cereals, pseudocereals

INTRODUCTION

Gluten related disorders share in common that they are triggered by gluten ingestion. They are
a changing group of conditions, including celiac disease (CD), wheat allergy (WA), and non-
celiac gluten sensitivity (NCGS) (1). Although mediated by different pathogenic pathways, their
clinical manifestations may be similar (2), posing difficulties at the time of diagnosis (3). Their
only effective treatment is a gluten-free diet (GFD), which eliminates wheat, rye, and barley
consumption. GFD consists of a combination of naturally gluten-free foods (GFF) and gluten-free
substitutes prepared with a variety of gluten-free foods and cereals (4). Although highly effective,
GFD requires supervision by a trained professional, who must educate the patient and manage the
diet, because this is often poor in fiber and vitamins and high in lipid and sugar content (5). In
fact, excessive weight and obesity can also be a concern in celiac patients following a GFD, due to
the rich-energy gluten- free foods/products commonly eaten (6). Currently available gluten-free
products are often low in protein, with high fat and salt content. Higher levels of dietary fiber
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Accumulation of Heavy Metals in People on a Gluten-Free Diet
Stephanie L. Raehsler,* Rok Seon Choung,* Eric V. Marietta,*,‡,§ and Joseph A. Murray*,§

*Division of Gastroenterology and Hepatology, ‡Department of Dermatology, §Department of Immunology, Mayo Clinic,
Rochester, Minnesota

BACKGROUND & AIMS: Specific foods such as fish and rice have high concentrations of metals such as arsenic, mercury,
lead, cadmium, and cobalt. Many gluten-free diets (GFDs) include these foods, so we evaluated
whether a GFD was associated with increased metal bioaccumulation.

METHODS: We performed a population-based, cross-sectional study using data collected from the National
Health and Nutrition Examination Survey (NHANES), from 2009 through 2012, collecting
information on the diagnosis of celiac disease and adherence to a GFD. We tested NHANES blood
samples to identify individuals with undiagnosed celiac disease, using assays for immuno-
globulin A tissue transglutaminase followed by a confirmatory test for endomysial antibody.
Among a total of 11,354 NHANES participants, celiac disease was diagnosed in 55 participants,
based on test results or a reported clinical diagnosis. We collected NHANES survey data on
blood levels of lead, mercury, and cadmium from subjects who were on a GFD (n [ 115) and
participants who were not on a GFD (n [ 11,239). Levels of total arsenic in urine samples were
available from 3901 subjects not following a GFD and 32 individuals following a GFD. NHANES
participants were asked questions about fish and shellfish consumption. We performed
multivariate logistic regression analyses to associate gluten-related conditions with blood
concentrations of mercury, cadmium, and lead and urine concentration of total arsenic,
adjusting for demographic characteristics, as well as for rice consumption or seafood intake.
Geometric means were reported for urinary concentrations of total arsenic and blood
concentrations of mercury, cadmium, and lead for demographic groups and subjects with
gluten-related conditions (subjects without celiac disease who avoid gluten).

RESULTS: Persons following a GFD had significantly increased total blood mercury levels (1.37 mcg/L)
compared with persons not on a GFD (0.93 mcg/L) (P [ .008), as well as increased blood levels
of lead (1.42 vs 1.13 mcg/L; P [ .007) and cadmium (0.42 vs 0.34 mcg/L; P [ .03). Urine
samples from subjects on a GFD had higher concentrations of total arsenic (15.15 mcg/L) than
urine samples from subjects not on a GFD (8.38 mcg/L) (P [ .002). After controlling for
demographic characteristics, levels of all heavy metals remained significantly higher in persons
following a GFD, compared with those not following a GFD. After exclusion of persons with
celiac disease, people without celiac disease on a GFD (n [ 101) had significantly increased
blood concentrations of total mercury (1.40 mcg/L) than persons without celiac disease and not
on a GFD (n [ 10,890) (0.93 mcg/L; P [ .02) and higher blood concentrations of lead (1.44 vs
1.13 mcg/L; P [ .01) and higher urine concentrations of total arsenic (14.69 mcg/L [n [ 3632]
vs 8.32 mcg/L [n [ 28]; P [ .01). Blood samples from persons without celiac disease avoiding
gluten had higher levels of cadmium (0.42 mcg/L) than persons without celiac disease and not
following a GFD (0.34 mcg/L), but this difference was not significant (P [ .06).

CONCLUSIONS: In an analysis of data collected from NHANES, persons on a GFD had significantly higher urine
levels of total arsenic and blood levels of mercury, lead, and cadmium than persons not avoiding
gluten. Studies are needed to determine the long-termeffects of accumulation of these elements in
persons on a GFD.

Keywords: Heavy Metals; Bioaccumulation of Metals; Celiac Disease; Gluten-Free Diet.

Abbreviations used in this paper: CD, celiac disease; CI, confidence
interval; EMA, endomysial antibody; GFD, gluten-free diet; NHANES,
National Health and Nutrition Examination Survey; OSHA, Occupational
Safety and Health Administration; tTG, tissue transglutaminase.
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Gluten-containing cereals are one of the major sources 
of dietary fiber in the United States, so people following 

a GFD may be at risk for inadequate fiber intake 
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Diet is a major environmental factor 
influencing gut microbiota diversity 

and functionality, which might be rele-
vant to subjects following dietary thera-
pies. Celiac disease (CD) is an enteropathy 
caused by an aberrant immune response 
to cereal gluten proteins and the only 
therapy is the adherence to a gluten-free 
diet (GFD). In this context, a prelimi-
nary study was conducted to establish 
whether the GFD in itself could modify 
the composition and immune properties 
of the gut microbiota. The trial included 
10 healthy subjects (30.3 years-old), 
which were submitted to a GFD over one 
month. Analysis of fecal microbiota and 
dietary intake indicated that numbers 
of healthy gut bacteria decreased, while 
numbers of unhealthy bacteria increased 
parallel to reductions in the intake of 
polysaccharides after following the GFD. 
Fecal samples of subjects under a GFD, 
which represent an altered microbiota, 
also exerted lower immune stimulatory 
effects on peripheral blood mononuclear 
cells than those of subjects on a regular 
gluten-containing diet. This addendum 
presents further discussion on the ratio-
nale behind these findings, limitations of 
the study and possible consequences of 
dietary counselling in the care process of 
celiac disease patients.

Relationship between 
the Gluten-Free Diet and the 

Gut Microbiota

The human intestinal tract harbors a 
collection of beneficial bacteria (symbi-
onts/mutualists) that perform an array of 

functions, including the provision of attri-
butes not encoded in the human genome.1 
This ecosystem is greatly influenced by the 
diet, which constitutes a major environ-
mental factor driving bacterial diversity.2,3 
Therefore, long-term dietary practices for 
treating food-related diseases might affect 
the composition of the resident microbiota 
and, thereby, its functional relationships 
with diverse host organs and tissues. In 
particular, intestinal bacteria constitute a 
constant challenge of antigens to their host 
that modulate mucosal immunity and the 
primary line of defence against antigens 
acquired orally. Celiac disease appeared 
as a result of dietary changes associated 
with the development of the agriculture 
and cereals cultivation.4 This is a chronic 
enteropathy caused by an aberrant immune 
response to cereal gluten proteins and, 
still the only therapy for the patients is to 
exclude the gluten from the diet. Although 
the adherence to a strict gluten-free diet 
(GFD) usually leads to the remission of 
the major clinical symptoms, nutritional 
deficiencies and health complications are 
often reported in treated patients.5-7 In 
addition, the microbiota of patients under 
a GFD is not completely restored in com-
parison with that of healthy subjects.8-10 In 
this context, we published a preliminary 
study to establish whether the GFD in 
itself could lead to modifications on the 
composition and immune properties of 
the gut microbiota.11 This study included 
10 healthy subjects (30.3 years-old), who 
were following a GFD over one month by 
replacing the gluten-containing foods they 
usually ate with certified gluten-free foods 
(with no more than 20 parts per million 

Effects of a gluten-free diet on gut microbiota and immune function 
in healthy adult humans
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A preliminary study was conducted to establish whether 
the GFD in itself could modify the composition and 
immune properties of the gut microbiota. The trial 

included 10 healthy subjects (30.3 yrs old), which were 
submitted to a GFD over one month.

Gut Microbes 1:3, 135-137; May/June 2010 
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Analysis of fecal microbiota and dietary intake indicated that:
• numbers of healthy bacteria decreased, (Bifidobacterium, 

B.longum and Lactobacillus), 
• numbers of unhealthy bacteria increased (E. coli and total 

Enterobacteriaceae) parallel to reductions in the intake of 
polysaccharides after following the GFD, 

• which represent an altered microbiota, favoring the 
overgrowth of opportunistic pathogens and weakening the 
host defenses against infection and chronic inflammation via 
possible alterations in mucosal immunity, 
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and diminished Bifidobacteriaceae, while the GFD increased Bacteroidaceae, but decreased Lachnospiraceae.
Moreover, in NCGS patients, there was a reduction of duodenal intraepithelial lymphocytes and
mucin-producing goblet cells, whereas bacterial variability increased. Moreover, it was found that the
gut microbiota abnormalities a↵ect NCG/WS patients’ metabolism.

10. A Gluten-Free Life: Agri-Food Technologies

In a world witnessing an increasing prevalence of GRDs [136,137], industries aim to satisfy the
demand of gluten-free food by designing and producing new technology-driven ad hoc products.
Accordingly, Haro et al. evaluated the e↵ects of transgenic low gliadins wheat bread on intestinal
microbiota composition in patients a↵ected by NCG/WS [138]. Transgenic wheat was characterized by
very low gliadins (90% less than the wild type wheat), reduced low molecular weight glutenins and
high non-gluten protein content. The study was designed in two parts: (i) patients followed a strict GFD
(basal period); (ii) patients switched from gluten-free to a transgenically modified wheat bread (second
period). At the end of each phase (lasting seven days), fecal samples were collected, and the bacterial
16S rRNA gene V1-V2 hypervariable regions of fecal samples were amplified by PCR, sequenced and
clustered. In stools of phase two, there was an increase in Roseburia and Faecalibacterium genera, known
to play an anti-inflammatory role for their butyrate production, enhancing TJ expression and intestinal
barrier integrity. In contrast, Bacteroides (pro-inflammatory), Blautia, Dorea, Coprococcus and Collinsella
(species C. aerofaciens) decreased, suggesting that low gliadins bread could lower inflammation and
improve gut permeability, while maintaining the same non-gluten protein content of wild type bread.
The e↵ects of GFD on the abundance of bacterial populations in NCG/WS patients are illustrated in
Figure 3.

Figure 3. E↵ects of GFD on the abundance of bacterial populations in non-celiac gluten/wheat sensitivity
(NCG/WS) patients.

The main studies quoted in this review regarding the e↵ects of GFD on the microbiota of healthy
subjects and CD and NCGS patients are summarized in Tables 1 and 2.
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Figure 2. E↵ects of di↵erent types of diet on gut microbiota, mucus layer, and immune cells. Bacteria species variations are indicated in rectangular frames. The
arrows pointing up or down respectively indicate an increase or decrease of bacteria abundance. Each color of the rectangular frames represents one phylum: yellow
for Actinobacteria, green for Firmicutes, red for Proteobacteria, blue for Bacteroides, and purple for Verrumicrobia. In the illustration of the intestinal epithelium, oval
shapes represent microbiota. Each color represents one phylum. Abbreviations: FODMAP: fermentable oligo-, di-, mono-saccharides, and polyols; GFD: gluten-free
diet; SCFAs: short-chain fatty acids.
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Gluten-free diet (GFD) is the current treatment of gluten-related disorders. It eliminates

wheat, barley, and rye, while the exclusion of oats is still under debate. GFD is based on

a combination of naturally gluten-free foods and gluten-free substitutes of cereal-based

foods. Although effective as treatment of gluten-related disorders, today there is concern

about how to improve GFD’s nutritional quality, to make it not only gluten-free, but also

healthy. The “Mediterranean diet” (MedD) refers to the dietary pattern and eating habits

typical of populations living in the Mediterranean basin, which have been associated with

low prevalence of several diet-related pathologies. Here we present a narrative review

of the current knowledge about GFD and MedD, their characteristics and central food

components. Based on the Mediterranean diet pyramid developed by the Italian pediatric

society, we propose a combination between the MedD and the GFD, an attractive

alternative to reach a gluten-free state that at the same time is healthy, with a clear benefit

to those who practice it.

Keywords: gluten-free diet, Mediterranean diet, food pyramid, cereals, pseudocereals

INTRODUCTION

Gluten related disorders share in common that they are triggered by gluten ingestion. They are
a changing group of conditions, including celiac disease (CD), wheat allergy (WA), and non-
celiac gluten sensitivity (NCGS) (1). Although mediated by different pathogenic pathways, their
clinical manifestations may be similar (2), posing difficulties at the time of diagnosis (3). Their
only effective treatment is a gluten-free diet (GFD), which eliminates wheat, rye, and barley
consumption. GFD consists of a combination of naturally gluten-free foods (GFF) and gluten-free
substitutes prepared with a variety of gluten-free foods and cereals (4). Although highly effective,
GFD requires supervision by a trained professional, who must educate the patient and manage the
diet, because this is often poor in fiber and vitamins and high in lipid and sugar content (5). In
fact, excessive weight and obesity can also be a concern in celiac patients following a GFD, due to
the rich-energy gluten- free foods/products commonly eaten (6). Currently available gluten-free
products are often low in protein, with high fat and salt content. Higher levels of dietary fiber

Bascuñán et al. Mediterranean Gluten-Free Diet

THE MEDITERRANEAN DIET,
FUNCTIONAL FOODS, AND GRAINS

Some foods such as phytochemicals, sulfur-containing
compounds, carotenoids, monoterpenes, phytosterols, and
different polyphenols. Today they classify as “nutraceuticals,”
the hybrid concept that mixes pharmaceuticals and nutrients
(71, 72). Functional foods are those foods containing specific
“nutraceuticals,” which enhance health or reduce the chance
of disease when regularly eaten. Vegetables are relevant
components of the Mediterranean diet, rich in flavonoids and
phytosterols. Fruits are good sources of terpenes, flavonoids,
minerals, and vitamins, which protect against oxidative stress.
Extra virgin olive oil has high concentrations of monosaturated
fatty acid and phytochemicals. Recent studies show that olive
oil plays a role in bone mineralization, reducing the risk of
osteoporosis. Herbs, spices, onions, and garlic, which are
widely used in the Mediterranean diet as condiments, contain

flavonoids. Whole grains provide dietary fiber, antioxidants,
resistant starch, phytoestrogens, and essential micro-nutrients.
In the grain-refining process, most of the bran and some of
the germ is removed, resulting in loss of dietary fiber and
some vitamins, minerals, lignans, phytoestrogens, phenolic
compounds, and phytic acid (Table 1).

In practical terms, MedD includes 3–5 daily servings of any
of the following: wheat, corn, spelt, barley, sorghum, millet,
buckwheat, quinoa, or rice. Whole grains can be consumed as
wholemeal flour, used to produce bread, pasta, and other foods.
A recent systematic review investigated the relationship between
the intake of whole grains and CVD, concluding that there is a
significant reduction of cardiovascular risk, stroke, CHD, type-2
diabetes, and obesity, for each 90 g/day (3 servings) increase of
whole-grain intake (73, 74).

How foods are prepared is most relevant in MedD. When
cooking tomatoes, for example, the addition of olive oil
increases the absorption of lycopene carotenoids, improving

FIGURE 1 | The Mediterranean GFD pyramid: a gluten-free lifestyle. A new graphic representation of the food pyramid based on the MedD is conceived, where

coexistence with the GFD is possible. The Mediterranean GFD pyramid gathers updated recommendations considering lifestyle, dietary, sociocultural, environmental,

and health challenges of individuals who follow a GFD in the context of healthy eating based on the MedD. MedD, Mediterranean diet; GFD, gluten-free diet.
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Make Sure to Tell those Important to You 
How Much You Love them
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Wishing you Sunrises of Beauty throughout your life
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