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LUTEN-FREE DIETING HAS GAINED CONSIDERABLE
popularity in the general population.1-3 Between
2004 and 2011 the market for gluten-free products
grew at a compound annual growth rate of 28%,

with annual sales expected to reach approximately $2.6 bil-
lion in 2012.2 As of April 20, 2012, Amazon.com listed 4,765
entries for the topic “gluten-free.” AGoogle search at the same
time for “gluten-free diet” produced more than 4.2 million
results. The number-one reason consumers cite for buying
gluten-free products is that they are perceived to be healthier
than their gluten-containing counterparts.3 Endorsements
from celebrities have undoubtedly contributed to the in-
creased awareness of possible health benefits of gluten avoid-
ance, including weight loss.4,5

Despite the health claims for gluten-free eating, there is no
published experimental evidence to support such claims for
the general population. In fact, there are data to suggest that
gluten itself may provide some health benefits, and that glu-
ten avoidance may not be justified for otherwise healthy in-
dividuals. Our primary purpose is to briefly describe this evi-
dence and raise awareness of the potential pitfalls of adopting
a gluten-free diet in persons without diagnosed gluten-re-
lated disorders.

INDICATIONS FOR A GLUTEN-FREE DIET
Gluten is a protein composite consisting of gliadins and glu-
tenins, and is found in foods processed from wheat and re-
lated grains such as barley and rye. There is a spectrum of
gluten-related disorders, including celiac disease, gluten sen-
sitivity, and wheat allergy.1,2 Wheat allergy is an adverse im-
munologic reaction specific to wheat proteins.1,2 Prevalence
of documented wheat allergy is quite low, estimated at only
about 0.1% of individuals in Westernized countries.1 Because
wheat allergy can be treated with wheat avoidance, a wheat-
free diet may be more permissive than a strict gluten-free
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intolerance), is characterized by a heightened immunologic
reaction to gluten in genetically susceptible people.6 Clinical
diagnosis is generally based on responses to a gluten-free
diet.1 Common symptoms of gluten sensitivity, such as fa-
tigue and headaches, and gastrointestinal distress, including
gas, bloating, and diarrhea, frequently improve with the
adoption of a gluten-free diet. The inherent subjectivity in
diagnosis and resolutionof these symptoms likely contributes
to the popularity of gluten-free diets.
Celiac disease is a complex autoimmune enteropathy that

affects the small bowel after ingestion of gluten-containing
grains, includingwheat, rye, and barley, in genetically suscep-
tible people.7 Estimated prevalence of celiac disease is ap-
proximately 1%.8,9 The disease canmanifest itself in a range of
clinical presentations, including malabsorption syndrome
and a spectrum of symptoms affecting multiple target or-
gans.10 A strict gluten-free diet is an established remedy for
individuals with celiac disease because it has been shown to
lower incidence of related diseases, such as gastrointestinal
cancers.7-9,11 Lifelong adherence to a strict gluten-free diet,
devoid of proteins from wheat, rye, barley, and related cere-
als, remains the gold standard of treatment in celiac dis-
ease.7-9

There are some data to suggest that following a gluten-free
diet may ameliorate gastrointestinal and/or systemic symp-
toms in individuals with systemic lupus erythematosus, der-
matitis herpetiformis, irritable bowel syndrome, rheumatoid
arthritis, type 1 diabetes, thyroiditis, and psoriasis.12,13 Glu-
ten-free diets have also been used by patients with autism
spectrum disorders (ASD).2,14 However, there are no defini-
tive data to support the use of gluten-free diets in ASD,15 and
the American Academy of Pediatrics does not support the use
of gluten-free diets as a primary treatment for individuals
with ASD.16

Apart from the demonstrated effectiveness of a gluten-free
diet for treating the spectrum of gluten-related disorders and
the conditions mentioned above, evidence-based research
supporting the merits of a gluten-free diet as a healthier op-
tion for the general population is lacking.

GLUTEN-FREE DIET AND WEIGHT LOSS: WHERE
IS THE EVIDENCE?
Despite the growing popularity of gluten-free diets and celeb-
rity endorsements of the merits of a gluten-free diet for
weight loss,4,5 there are no published reports showing that a
gluten-free diet produces weight loss in persons without ce-
liac disease or gluten sensitivity. There are a number of stud-
ies of patientswith celiac disease that reportedweight change

as an outcome measure following a gluten-free diet.17-19
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Strict adherence to a gluten-free diet in celiac disease gener-
ally improves body mass index (BMI) status.17 However, nor-
malization of BMI while following a gluten-free diet is not
always observed. In a study of 369 adults with celiac disease
who followed a gluten-free diet for an average of 2.8 years, 22
of 81 (27%) initially overweight or obese patients gained
weight.17 In a study of 371 adults with celiac disease who
followed a gluten-free diet for 2 years, 55 of 67 (82%) initially
overweight patients gained weight.18 Among 149 children
with celiac diseasewho followed a gluten-free diet for at least
12 months, the percentage of overweight children almost
doubled (11% to 21%).19

These reports indicate that for a significant percentage of
overweight or obese patientswith celiac disease, bodyweight
may actually increase on a gluten-free diet. Thismay be due in
part to enhanced absorption of nutrients associated with
healing of intestinal lining while following a gluten-free diet.
Whether weight gain would be observed in persons without
celiac disease or gluten sensitivity remains to be established.
In this regard it is important to note that gluten-free does not
necessarily mean low-energy, and some gluten-free products
actually have a greater energy value than corresponding glu-
ten-containing foods.3 Furthermore, a gluten-free dietmay be
deficient in whole grains and fiber,3 both of which have been
shown to be inversely associated with BMI.20

WHEAT AND GASTROINTESTINAL HEALTH
Naturally occurring fructan-type resistant starches in wheat,
such as oligofructose and inulin, are beneficial for creating a
healthy composition of gut bacteria,21-28 and these diet–
microbe interactions in the colon may protect the gut from
some cancers, inflammatory conditions, and cardiovascular
disease.27,28 Wheat is the most widely consumed grain in the
United States, and contributes approximately 70% to 78% of
the oligofructose and inulin in typical North American di-
ets.29,30 Wheat-derived nondigestible carbohydrates have
been reported to decrease postprandial glycemia and insu-
linemia, reduce fasting triglycerides, and reduce body
weight.21 Oligofructose has been shown to improve immune
status, lipid metabolism, and vitamin and mineral absorp-
tion.25 By removing the major source (wheat) of fructan-type
resistant starches in American diets, strict adherence to a glu-
ten-free diet could have adverse consequences.
In fact, recent evidence suggests that a gluten-free dietmay

lead to reductions in beneficial gut bacteria.31 Ten healthy
subjects followed a gluten-free diet for 1 month by replacing
gluten-containing foods with equivalent products certified as
gluten-free.31 The gluten-free diet significantly reduced a
number of beneficial bacteria in fecal samples of the subjects,
including Bifidobacterium, Lactobacillus, Clostridium litusebu-
rense, and Faecalibacterium prausnitzii, and increased levels of
pathogenic Enterobacteriaceae and Escherichia coli.
Immunostimulatory properties of fecal samples were also

reduced after 1month following a gluten-free diet. For exam-
ple, the gluten-free diet reduced production of the potent
neutrophil chemoattractant tumor necrosis-�. Three-day
fooddiaries (2weekdays and1weekendday) at the beginning
and endof the 1-month diet period indicated that total energy
and macronutrient intake were not changed, with the excep-
tion of a lower polysaccharide intake while following the glu-

ten-free diet. A reduction in polysaccharide intake on a glu-
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ten-free diet is not unexpected.32 Thus, a gluten-free diet
produced potentially adverse changes in gut health as a result
of reduced intake of naturally occurring fructans in wheat
products that have a prebiotic action.
By contrast, increasing whole-grain wheat intake has been

reported to increase beneficial gut bacteria.33 In a double-
blind, randomized, crossover study consisting of two 3-week
dietary periods with a 2-week washout in between, 31
healthy women and men added to their diet either 48 g/day
100% whole-grain wheat breakfast cereal or 48 g/day wheat-
bran cereal. Fecal samples were collected before and after the
3-week dietary period. After 3 weeks following the diet sup-
plemented with 48 g/day 100% whole-grain wheat breakfast
cereal, numbers of fecal Bifidobacterium were increased by
approximately 10%. Addition ofwheat bran to subjects’ habit-
ual diets had no effect. Both 100% whole-grain wheat and
wheat-bran conditions increased the numbers of lactobacilli
in fecal samples, but the 7.4% increase after the 100% whole-
grain wheat condition was significantly greater than the 5.0%
increase observed after the wheat–bran condition. The re-
sults indicate a prebiotic effect of whole-grain wheat break-
fast cereal. It has been proposed that one of the mechanisms
bywhich whole-grain foods confer health benefits is via their
beneficial effect on gut bacteria.21-28 These findings may help
explain the well-established inverse relationship between
whole-grain food intake and risk of cardiovascular dis-
eases.25,26

GLUTEN AND HEALTH
Gluten itself may actually be beneficial to the diets of individ-
uals with dyslipidemiawithout celiac disease or gluten sensi-
tivity. In 24 adults with hyperlipdemia, increased consump-
tion of wheat gluten for 2 weeks on a weight-maintenance
diet reduced serum triglycerides by 13%.34 In this randomized
crossover study, subjects consumed diets that differed with
respect to gluten, wheat fiber, and bran content. The higher
gluten content of the diet was achieved by having subjects
consume bread that contained 53.1% protein. This increased
gluten intake by 60 g/day, which accounted for 10% of total
energy. High levels of wheat fiber and bran did not reduce tri-
glyceride levels when gluten levels were the same in each diet.
Only under the high-gluten condition, regardless of wheat fiber
content,were triglyceride levels reduced. Therefore, it appeared
that the reduction in serum triglyceride levels was attributable
to the gluten itself rather than the wheat fiber.
In a randomized crossover study of men and women with

hyperlipidemia,35 subjects consumed either a control diet or a
diet in which 11% of the carbohydrate in the control diet was
replaced with vegetable protein (as wheat gluten) for 1 month.
This resulted ina78g/day increase ingluten intake.Totalenergy,
dietary fiber, and fat intake were the same during each diet pe-
riod. Increasing daily gluten intake for 1 month reduced serum
triglycerides by 19.2%, uric acid by 12.7%, and creatinine by 2.5%.
In addition, low-density lipoprotein oxidation was reduced by
10.6% in the high-gluten diet. The authors concluded that high
intake of vegetable protein in the form of added wheat gluten
could have beneficial effects on triglyceride levels and oxidized
low-density lipoprotein similar to those ofmonounsaturated fat
and soy protein.
In addition to the potential benefits of gluten for improving
blood lipid levels,34,35 glutenmayplay a role in bloodpressure
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control. For example, wheat gliadin hydrolysates have been
reported to inhibit angiotensin I-converting enzyme (ACE).36

Thewissen and colleagues36 extracted gliadin from commer-
cial wheat gluten and demonstrated that several of the result-
ing peptide fractions from the gliadin hydrolysates exhibited
ACE-inhibitory activity. Because ACE converts angiotensin I
into angiotensin II (vasoconstrictor) and degrades bradykinin
(vasodilator), inhibition of ACE could facilitate reduction in
blood pressure.Whole-grain consumption has been shown to
reduce blood pressure,37 with wheat itself having a demon-
strated effect.38 Although the dietary fiber component of
whole grains is thought to play a role,39 it is also possible that
gluten, via one of its constituent proteins gliadin, may con-
tribute to the blood-pressure–lowering effect of whole
grains.36

Gluten may also boost the immune system in humans. This
may be due in part to the very high glutamine content of
gluten (�40% of total amino acids). Glutamine supplementa-
tion, for example, has been reported to reduce incidence of
infectious complications in patients following surgery.40 In a
small study of nine healthy volunteers, five subjects received
3 g/daywheat gluten hydrolysate for 6 days (41). After 6 days,
natural killer cell activity was increased significantly (by ap-
proximately 6% to 57%; P�0.05) in all five subjects who re-
ceived thewheat glutenhydrolysate. No changewas observed
in the four control subjects.41 There were no reported side
effects. An increase in natural killer cell activity could be ex-
pected to enhance immune monitoring against tumor devel-
opment and viral infections.42 Epidemiologic evidence sup-
ports a protective role forwhole-grain consumption to reduce
cancer risk,43 with specific effects attributable to wheat.44,45

CONCLUSIONS
Gluten-free diets are clearly indicated for patients with celiac
disease or for persons with gluten sensitivity, and may be
beneficial for individualswith other chronic autoimmune dis-
ease conditions such as psoriasis, rheumatoid arthritis, and
type 1 diabetes.12,13 With the substantial growth in the glu-
ten-free products market,2 a greater number of food choices
are nowavailable to individuals forwhomgluten avoidance is
essential. There are many gluten-free grains available to help
consumers obtain the benefits of whole grains and overcome
some of the nutritional deficiencies (eg, inadequate intakes of
thiamin, riboflavin, niacin, folate, and iron) reported to be as-
sociated with gluten-free diets.9,46 A gluten-free diet can be a
well-balanced diet if care is taken in choosing whole-grain
products, including more legumes, and selecting foods with
lower energy density. This does not imply that a gluten-free
diet, per se, is a healthier diet.
Despite numerous health claims and the exploding popu-

larity of gluten-free products, there are no published data to
support a weight loss claim for a gluten-free diet.3 Results of
several studies of patients with celiac disease suggest that a
gluten-free diet may actually worsen BMI status in some
overweight and obese individuals. Gluten-free baked goods
can be high in fat and total energy.9 Moreover, whole-grain
intake is inversely associatedwith BMI, andwheat is themost
widely consumed grain in America. Thus, going gluten-free
for purposes of weight loss may have unintended conse-
quences. Randomized-control trials are necessary to establish

the effect of a gluten-free diet onweight loss in overweight or
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obese individuals forwhoma gluten-free diet is notmedically
indicated.
Gluten-rich grains, especially wheat, may have health ben-

efits attributable to naturally occurring fructan-type resistant
starches as well as gluten itself. By creating a healthy compo-
sition of colon bacteria,whole-grainwheat productsmaypro-
tect the gut from some cancers, inflammatory conditions, and
cardiovascular disease. Gluten, and one of its component pro-
teins gliadin, may contribute to blood pressure control and
immune function. Becausewheat is themain source of gluten
in the American diet,29,30 these studies may help explain the
consistent findings of health benefits of whole-grain con-
sumption.25,26,43,44

There is no evidence to suggest that following a gluten-free
diet has any significant benefits in the general population.
Indeed, there is some evidence to suggest that a gluten-free
diet may adversely affect gut health in those without celiac
disease or gluten sensitivity.31 Additional research is needed
to clarify the health effects of gluten, and potential conse-
quences of avoiding gluten-containing grains.
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