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those who have a genetic predisposition.[4] CD affects mainly 
the small intestines and results in inflammatory changes 
and villous atrophy that resolve with complete exclusion of 
gluten products from the diet.[5,6] The worldwide increase in 
CD occurrence created an increased awareness of CD and 
of a gluten‑free diet (GFD) as the only treatment option.[7]

CD is not the only reason for following GFD. Other 
wheat/gluten‑related medical conditions require following 
a wheat‑free diet or GFD, including wheat allergy, dermatitis 
herpetiformis, and nonceliac gluten sensitivity  (NCGS). 
Wheat allergy is an IgE‑mediated sensitization to different 

INTRODUCTION

Wheat was introduced to the human diet about 10,000 years 
ago and has remained one of the most important crops 
thereafter. Currently, wheat is the most consumed food 
grain in the Western diet and globally.[1] Wheat grain is 
composed of carbohydrate and protein; the main protein 
component of wheat is gluten.[2] Gluten is also found in 
barley and rye. The clinical significance of eliminating 
gluten came from observations by Willem‑Karel Dicke of the 
correlation between wheat consumption and malabsorptive 
symptoms in children[3] that was followed by multiple 
studies identifying gluten as the immunogenic trigger for 
celiac disease (CD).[3] CD is a common immune‑mediated 
enteropathy precipitated by exposure to dietary gluten in 
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ABSTRACT

Objective: To assess the prevalence of gluten‑free diet (GFD) among school‑age children 
in Olmsted County, Minnesota, and compare it with the prevalence of celiac disease (CD) in 
the same age group. Methods: We performed a population‑based study in Olmsted County 
using a survey to collect information from the six school districts in the county for the academic 
year 2014–2015. The survey contained questions to (1) assess the prevalence of GFD among 
school‑age children in the public schools of Olmsted County; (2) assess the prevalence of CD 
among school‑age children in Olmsted County; and (3) determine the indications for GFD in 
these children. We used the infrastructure of the Rochester Epidemiology Project (REP) to 
calculate the prevalence of CD in children aged 4–18 years in December 2014. Results: Using 
the REP data, we identified sixty patients with CD in the county aged 4–18 years; the prevalence 
of CD among school students in 2014 was 193.6/100,000. The prevalence of GFD in Olmsted 
County children, however, was higher, at 265/100,000 according to the survey from the school 
districts. The prevalence of GFD was highest in Rochester, the largest city. GFD was more 
common among children in secondary schools. Conclusion: According to our study, there are 
more children on GFD than the actual cases of CD in Olmsted County during the study period. 
This finding could be related to an increased number of children without CD who are following 
GFD for other indications.
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components of wheat[8] and is seen in about 0.4%–1% of 
children; it is usually outgrown in 80% of children by the age 
of 5 years.[9‑12] NCGS is a poorly understood entity that has 
neither an autoimmune nor allergic pathogenesis. NCGS is 
defined as having adverse symptoms after consuming gluten, 
without small intestinal injury or long‑term complications.[13]

In recent years, the proportion of the American population 
who want to follow GFD has markedly increased.[14] More 
people without CD are avoiding gluten, termed persons 
without CD following GFD people without CD avoiding 
gluten (PWAG), for other indications such as weight loss, 
healthier diet, and behavioral concerns.[15]

The prevalence of GFD in patients without CD is not 
clear. A recent report using National Health and Nutrition 
Examination Survey  (NHANES) data between 2009 and 
2012 suggested that the prevalence of PWAG was 0.8% in the 
United States. The same study suggested that the prevalence 
of PWAG was higher in females and with increasing age in 
all racial groups. In contrast to CD, the prevalence of PWAG 
was higher in non‑Hispanic African American  persons than 
in Caucasian and Hispanics groups.[15]

In children, the prevalence of GFD that is followed for 
reasons other than CD is not known. Older children and 
adolescents may follow GFD for similar reasons as adults. 
Despite the lack of strong medical evidence to support GFD 
in children with autism spectrum disorders, many families 
elect to eliminate gluten because of autism or behavioral 
concerns.[16,17]

The aims of the current study were to (1) assess the prevalence 
of GFD among school‑age children in the public schools of 
Olmsted County, Minnesota; (2) assess the prevalence of 
CD among school‑age children in Olmsted County; and 
(3) determine the indications for GFD in these children.

METHODS

This study was conducted in Olmsted County, Minnesota, 
USA, which has a similar population to the US white 
population, except that a large proportion of the population 
is employed in the healthcare field.[18,19] The Olmsted 
County population has the same age, sex, and ethnic 
characteristics as Minnesota in general, with a majority 
of non‑Hispanic whites  (82%) and small minorities of 
African American (6%), Asian (6%), Hispanic  (5%), and 
mixed ethnicities  (1%).[20] Olmsted County provides an 
exceptional location to perform population‑based studies 
such as this because almost all Olmsted County residents, 
along with all their inpatient and outpatient medical events 

and health‑care providers, are linked and retrieved for 
research under the auspices of the Rochester Epidemiology 
Project (REP), which started in 1966. The REP reflects the 
residents who gave permission for their records to be used 
for research purposes (95% grant access to their medical 
records). The REP has been continuously funded by the 
National Institutes of Health.[21‑23] To assess the prevalence 
of CD in school‑age children, we used the REP medical 
records to identify all school and preschool students who 
have CD in Olmsted County.

The following inclusion criteria were used to identify 
children with a CD diagnosis based on the North American 
Society for Pediatric Gastroenterology, Hepatology, and 
Nutrition guidelines:  (1) positive serologic markers such 
as antitissue transglutaminase IgA, (2) confirmatory small 
bowel biopsy that shows the characteristic histologic 
findings  (increased intraepithelial lymphocytes, villous 
atrophy, and crypt hyperplasia),  (3) Olmsted County 
residency on December 31, 2014, and (4) authorization for 
use of medical record for research. The data from the REP 
along with population data from the US Census Bureau 
were used to determine the number of students at risk 
for CD and to calculate the prevalence of CD and GFD 
in children between 4 and 18  years in Olmsted County 
on December 31, 2014, assuming that all children were 
at risk. Descriptive statistics analysis was performed. The 
prevalence of CD was calculated by using the number of 
children who met our inclusion criteria as the numerator 
and the number of children at risk as the dominator. The 
prevalence of GFD used the survey results as numerator 
and the number of children at risk as dominator. The 95% 
confidence intervals  (CIs) were calculated assuming the 
number of cases followed a Poisson distribution.

This study was approved by the Institutional Review Board 
at Mayo Clinic and Olmsted Medical Center and the 
public school boards. Public schools in Olmsted County 
are supervised by six school districts: Rochester, Byron, 
Dover‑Eyota, Chatfield, Pine Island, and Stewartville. To 
assess the prevalence of GFD among the school‑age children 
in Olmsted County, we used a survey to collect information 
from public schools participating in the National School 
Lunch Program (NSLP) in Olmsted County school districts. 
The NSLP is a nationwide program that provides lunch 
meals for students in public schools at free or reduced 
price.[24] The survey was completed by the nutritional service 
directors and nurses of the school districts for the 2014–2015 
academic year. The survey contained the following questions: 
(1) total number of students at the primary and secondary 
schools; (2) number of students who get their lunch daily 
from schools through the NSLP;  (3) number of students 
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who eat GFD and have CD; (4) number of students who eat 
GFD without having CD (PWAG); and (5) reported reasons 
for avoiding gluten in those without CD (nonceliac group).

RESULTS

Using the REP data, we identified 60 school‑age children 
(37 girls, 23 boys) with CD on December 31, 2014, in 
Olmsted County. The overall prevalence of CD in Olmsted 
County in 2014 was 193.6  (95% CI, 144.6–242.57) per 
100,000 using the population census data. The prevalence 
was slightly higher for girls (244.1 [95% CI, 165.5–322.8] 
per 100,000) than boys  (145.7  [95% CI, 86.1–205.2] per 
100,000).

Using the survey results conducted for the academic year 
2014–2015, we identified 82 school‑age children in Olmsted 
County public school systems who were on GFD. Based on 
that, the sex‑adjusted prevalence of GFD for children in 
Olmsted County was 265/100,000, higher than the prevalence 
of CD in Olmsted County children. Characteristics of 
students on GFD are shown in Table  1. GFD was more 
prevalent in girls  (56%) and older children in secondary 
schools (52%). Of the 82 children on GFD, 33 (40%) were 
considered PWAG. The school survey identified multiple 
indications for following GFD other than CD that are 
summarized in Table 2 and Figure 1.

The prevalence of GFD, CD, and PWAG in the individual 
school districts are shown in Table 3. The highest prevalence 
of GFD and CD was in Rochester (677 and 448/100,000, 
respectively), which is the largest city in Olmsted 
County. The prevalence of PWAG was the highest in Pine 
Island (population 3263) at 413/100,000.

DISCUSSION

Results of the recent NHANES have shown that half of 
those who eat GFD do not have CD and that the prevalence 
of PWAG is higher in females and increases with age.[25] 
Results of our study were consistent with the national trend. 
Approximately, 40% of school‑age children in Olmsted 
County who are following GFD are PWAG, and more than 
50% of PWAG eat GFD without any clinical indications. 
Some students in our study were eating GFD because they 
have a family history of CD but without being tested for or 
having a diagnosis of CD. Others are following GFD because 
they have Crohn’s disease, epilepsy, dermatitis/eczema, or 
autism. Moreover, more females eat GFD than males.

These results raise concerns about the popularity of GFD, 
especially among young persons. The high number of PWAG 
in secondary school students could be due to a fashionable 
trend among the younger generations driven by the notion 
that GFD is healthier and can help them lose weight. On 
the basis of the survey results, 49 of the children following 
GFD had CD, which is lower than the number of patients 
with CD identified by reviewing the records (n = 60), which 
suggests that many children with CD bring their own lunch 
to school and do not use the NSLP despite the offering of 
a gluten‑free menu. This may be explained by the fear of 
cross‑contamination or the fear of being treated differently 
because of their restricted diet. The most common reason 
for following GFD in children without CD was NCGS. 
NCGS is characterized by a wide spectrum of intestinal and 
extraintestinal symptoms secondary to gluten ingestion.[26] 

Table 2: Reported indications for gluten‑free diet in 
persons who avoid gluten (n=33)
Indication n (%)
Clinically indicated 16 (48)

Nonceliac gluten sensitivity 13
Wheat allergy 3

Not clinically indicated 17 (52)
Family history of CD 4
Autism 2
Intractable epilepsy 1
Dermatitis/eczema 1
Crohn’s disease 1
Unknown 8

CD: Celiac disease

Nonceliac Gluten
Sensitivity

Wheat Allergy

Family History of CD

Autism

Intractable epilepsy

Dermatitis/eczema
Crohn's Disease

Figure 1: Reported indications for gluten‑free diet in persons who avoid gluten

Table 1: Characteristics of school‑age children on 
gluten‑free diet in Olmsted county
Characteristic n (%)
Students on GFD 82 (100)
Sex

Female 46 (56)
Male 36 (44)

Schools
Primary 39 (48)
Secondary 43 (52)

CD 49 (60)
PWAG 33 (40)
CD: Celiac disease, GFD: Gluten‑free diet, PWAG: People without CD avoiding gluten
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The real problem, however, is that no consensus exists about 
the definition of NCGS in terms of symptoms and laboratory 
biomarkers. In Olmsted County, about 16% of students who 
eat GFD indicated NCGS as a reason for following GFD.

The high prevalence of GFD in children without a clear 
medical indication is concerning because many reports 
have suggested that GFD is not better or healthier, as 
advertised.[27,28] GFD is hard to follow, which was reflected 
in lower scores on quality of life questionnaires in children 
with CD.[29] Even though the gluten‑free market has grown 
substantially in the United States, it is still not available 
everywhere and might be a challenge for many families. 
Gluten‑free products are substantially more expensive 
and lack many nutrients that are important for all patients 
with CD and especially for children who are still growing, 
especially B vitamins, fiber, and iron.[30‑32] Packaged 
gluten‑free foods frequently contain more fat and sugar 
than their gluten‑containing counterparts, which will result 
in increased fat and calorie intake in those following GFD. 
Hence, overweight and new‑onset insulin resistance and 
metabolic syndrome have been identified in persons after 
initiation of a GFD.[33‑35]

To the best of our knowledge, our study is one of the first 
to investigate the reasons for adhering to GFD in children 
who do not have CD. With the help of the REP and school 
districts in Olmsted County, we were able to study the 
prevalence of CD and GFD in our community. Our study 
highlights the need for more effort to educate the young 
population and their families about the advantages and 
disadvantages of GFD. We, as health‑care providers, have 
the responsibility to counsel patients on the concerns about 
following GFD when it is not medically indicated and to 
advocate for healthier diets.

Our study has some limitations including its retrospective 
nature and the racial demographics of Olmsted County, 
which is more than 80% white. Another limitation is that 
we were able to collect data from public schools, but not 
the private schools, in Olmsted County. Moreover, about 
26% of school‑age children in Olmsted County public 

schools pack their lunch from home, some of whom may 
be following GFD; this may result in an underestimation of 
the prevalence of GFD in Olmsted County.

This is a preliminary study that highlights the trend of 
following GFD in children without CD in the communities 
of Olmsted County. There is a need for more studies in the 
future at the national level.

CONCLUSION

There are more children on GFD than the actual cases of CD 
in Olmsted County during the study period. This finding 
could be related to an increased number of children without 
CD who are following GFD for other indications. 
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