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Abstract  
 
Introduction: Following a strict gluten-free diet means exclusion of many staple foods such as 
traditionally made bread, flour, pasta, and whole grain products that are largely included in the 
Swedish daily diet. Such exclusions of vital resources could have harmful consequences on 
nutritional status and cause nutritional hazard, if they are not substituted with appropriate 
alternatives. 
 
Aim: To compare the nutrient and energy intakes of 14-year-old boys and girls on gluten free diet 
with their non-celiac counterparts as well as the estimated average requirement.  
 
Method: All 14-year-old adolescents with suspected and previously diagnosed Celiac disease from 
the ETICS study (Exploring the Iceberg of Celiac in Sweden) as well as a randomized gender- and 
age-matched non-celiac controls were invited to a dietary sub-study; ETICS-diet. A four-week food 
frequency questionnaire was used to assess the dietary intakes of 129 celiac cases (63 boys and 66 
girls) with 428 non-celiac controls (boys 188 and girls 240). Basal Metabolic Rate was used to 
evaluate the validity of the reported food intakes in the present study through comparison with 
individually calculated energy requirements. 
 
Results: There were no significant differences between Celiac disease cases and controls regarding 
their food and energy intakes nor physical activity level. In general, the nutrient intakes were 
significantly lower among cases compared to controls, particularly in fiber, but similar patterns 
were observed among both cases and controls when we assessed whether they were within the 
recommended range of nutrient intake or not.  
 
Conclusion: The current study, in sum, informs public health intervention programs to promote 
healthy eating habits for all children by endorsing foods highest in Folate, Vitamin C, Iron, and 
fiber. 
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1. Introduction		
 
1.1 Definition and background 
Celiac disease is defined as a heightened immune responsiveness 
to gluten and related proteins leading to autoimmune 
enteropathy (small intestine damage) (1). Genetically, Celiac 
disease is a predisposed disease triggered by ingestion of gluten 
(2), which is a common name for a group of amino acids found 
in wheat (gliadin), rye (secalin), and barley (hordein). So far, the 
only treatment is to limit the exposure to gluten and follow a life-
long gluten-free diet (3). 
 
1.2 Symptoms 
Celiac disease is known to have a multifactorial etiology 
including genetic predisposition, environmental and lifestyle 
factors (4). Many individuals with Celiac disease have no or 
vague symptoms (5), “silent Celiac disease”, and even in 
developed countries, for each diagnosed case, an average of five 
to ten cases remain undiagnosed. The reason is the broad 
spectrum of symptoms, which vary not only between individuals 
but also within a single person over time. Kelly describes the 
disease as a “clinical chameleon” which comes in many 
disguises (6). Therefore, signs and symptoms are often 
misinterpreted and lead to wrong and/or delayed diagnoses. This 
states a risk for severe health problems as Celiac disease can affect all systems and parts of the 
body (6). Typical manifestations of untreated Celiac disease are gastrointestinal symptoms such as 
diarrhea, abdominal bloating and discomfort, and mal-absorption leading to nutritional 
deficiencies. Other manifestations may be impaired growth and development leading up to changes 
in the reproductive system (e.g. delayed puberty, reduced fertility, and recurrent miscarriages), 
anemia and low bone mineral density, depression and even increased mortality rate (6-8). 
 
1.3 Prevalence of celiac disease 
Today Celiac disease is reported from all parts of the world with continuously increasing 
prevalence (9), and is the most common food-related chronic disease in children (10). Worldwide 
estimation demonstrates a prevalence of 0.3-1.4% in most regions (9, 11, 12). The incidence of 
Celiac disease in Swedish children was reported 0.1%, up to the early 1980s. After that, between 
1984 and 1996, Sweden experienced an incomparable epidemic of Celiac disease among children 
younger than two years of age (13). This epidemic level was to a large extent higher than ever 
reported in any country. The incidence rate increased rapidly to 4-fold within the few years and 
then sharply declined back to the previous level. The epidemic pattern was partially explained by 
changes in infant feeding practice, as well as, an increased amount of wheat in commercially 
prepared infant foods, resulting in a higher gluten consumption by infants (14). Until the 1990s, it 
was presumed that Celiac disease is unavoidable if a person is genetically susceptible, but such 
striking changes over the time in Sweden highlighted the importance of environmental and lifestyle 
factors in development of Celiac disease, as well. 

  

The word 
coeliac came 
from the 
ancient Greek 
word “koeliac” 
which referred 
to chronic 
diarrhea, more 
than 2000 years 
ago. 
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1.4 Compliance to the diet 
Adolescence is a demanding period in life characterized by several biological, psychological, and 
social development issues, even in the absence of medical disorders. Additionally, dealing with 
Celiac disease and complying with the diet is even more challenging and unsatisfactory when you 
are teen and have to face lifelong dietary restrictions (15). There are several factors involved 
influencing the adherence to the GFD, such as: severity of symptoms after gluten ingestion, 
availability of gluten-free alternatives, sensory quality and palatability of gluten-free foods, social 
support and knowledge, etc. Dining out can also be a major problem for individuals with Celiac 
disease (16). Moreover, gluten-free diet can produce stigma experiences and social embarrassment 
among adolescents of being marked out as different from other people (17). Untreated Celiac 
disease because of low compliance to a gluten-free diet can lead to a broad range of health 
consequences such as decreased fertility, diabetes, osteoporosis, infection, anemia, cancer, 
depression, lowered quality of life, and even death (18-21). 
 
1.5  Gluten-free diet 
Currently, a strict lifelong adherence to a gluten-free diet is the only known and standard treatment 
for patients affected by Celiac disease. But still, a gluten-free diet could cause nutritional 
vulnerability depending on the composition of the gluten-free substitutes (22). Studies on 
nutritional management and nutritional state in young celiac patients concluded an unsatisfactory 
nutritional intake, in spite of high dietary compliance (3, 22, 23). Following a strict gluten-free diet 
means exclusion of many stable foods such as bread, flour, pasta, and whole grain products that 
are largely included in the Swedish daily diet. These are main sources of energy, protein, 
carbohydrate, iron, calcium, niacin, and thiamine. Therefore, such exclusions of vital resources 
could have harmful consequences on nutritional status and cause nutritional hazard, if they are not 
substituted with appropriate alternatives. This could lead to an unbalanced diet with a higher 
percentage of energy as fat and a lower percentage of energy as carbohydrate (24). An unbalanced 
diet like this results in a different body composition among patients who are even strictly adhering 
with their gluten-free diet compared to healthy controls (24). Majority of these studies, however, 
do not present any more details in regards to the dietary intake measurement rather that simply 
reporting the total energy intake. In addition, the validations on reported dietary intakes seem to be 
missing in most of the current studies.  
A concern for the health care system is the dilemma of the increased risk of morbidity and mortality 
related to not complying with a strict gluten-free diet from one hand, and increasing the risk of diet 
related diseases such as obesity, coronary heart disease, and diabetes type II because of following 
an unbalanced diet, from the other hand. Thus, optimal compliance “which depends on the 
attractiveness of the diet” and healthy diet “which depends on the composition of the gluten free 
diet” are very important aspects for patients living with Celiac disease. Unfortunately, in spite of 
all the informative and enlightening efforts done in Sweden regarding food choices and dietary 
shortcomings of adolescents with Celiac disease (25, 26), knowledge about nutrient intake and 
nutritional status of Swedish children and adolescents who are on gluten-free diet is still scarce. In 
2014 Kautto et al., compared energy intake as well as nutrient intakes of 13-year-old Swedish 
school children diagnosed with celiac disease with those of non-celiac control group. They found 
that nutrient intake of both boys and girls with celiac disease, was mostly comparable to intakes of 
non-celiac controls (25).  They, however, studied a small sample of 37 boys and girls with celiac 
disease diagnosed within the celiac screening study ETICS (Exploring the Iceberg of Celiac in 
Sweden) with 805 non-celiac controls. In our study, we attempt to compare the nutrient intakes of 
both old celiac cases and newly diagnosed celiac cases (97) through the 18-24 month follow up in 
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the ETIC-diet study – which is a sub-study of the previous ETIC project – with non-celiac control 
groups.  
 
 

2 Aim		
 

The objectives of the study were: gender-stratified comparisons of (i) the nutrient and energy 
intakes of adolescents on gluten-free diet with their non-celiac counterparts, (ii) the reported 
nutrient intakes of all adolescents with the national nutrition recommendation and average 
requirements. 
 
 

3 Method		
 
3.1  Study design 
The present study is an observational longitudinal dietary 
study called ETICS-diet started in spring 2006. It was 
derived from a multi-center cross-sectional school based 
screening study of Celiac disease in Sweden called ETICS 
(Exploring the Iceberg of Celiac in Sweden, www.etics.se) 
started in September 2005. 
 
3.2  Subjects  
Through the ETICS project, all the 12-year-old 
schoolchildren in five municipalities − geographically 
located from Umeå in the north to Lund in the south (Figure 
1) − were selected to take part in the screening of the first 
cohort. The study revealed a prevalence of 3% of Celiac 
disease (14). A total of 10 041 children in the 6th grade and 
their parents were invited between autumn 2005 and 
summer 2006 (Figure 2). The female/male ratio was 0.94 (3666/3901). In total 7 567 children 
accepted the invitation (approximately 75%), but 360 of these later declined to give a blood sample. 
Of the remaining participants, 192 had elevated serological markers for Celiac disease and 61 
reported being clinically diagnosed before 12 years of age. All adolescents with suspected and 
previously diagnosed Celiac disease and randomized gender- and age-matched healthy controls 
were invited to a dietary sub-study; ETICS-diet. The present study is based on a follow-up after 
18-24 month. Children with confirmed Celiac disease according to criteria by the European Society 
for Pediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) (27) were invited to the 
follow-up (153 found through the screening and 61 previously diagnosed). Controls without Celiac 
disease (n=828) were randomized from those not taking part in a baseline dietary study. After 
exclusion of participants with missing or unacceptable data (for details see below), the present 
study included data from 97 new Celiac disease cases diagnosed after screening, 32 previously 
diagnosed Celiac disease cases, and 428 controls from the follow-up data collection. 
3.3 Physical activity assessment 
The values for physical activity level (PAL) were calculated based on the collected information 
such as physical activity at school and at leisure time, from the questionnaire at follow-up. The 

Figure 1. All 12-year-old schoolchildren in 
five municipalities invited to a screening 
study of Celiac disease in Sweden called 
ETICS (Exploring the Iceberg of Celiac in 
Sweden), in September 2005.   
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number of hours of light and strenuous physical activity during week days and weekends was 
recorded and converted into hours per day. PAL-value of 4.2 was assigned to “light physical 
activity” such as walking or biking to school, school sport lessons, and leisure activities making 
you slightly breathless and warm. The PAL-value of 8.4 was given to “strenuous physical activity” 
such as leisure activities giving a high pulse, breathlessness, and sweatiness. The reported energy 
expenditure (EErep) was calculated as the sum of the energy expenditure from each activity in 24 
hours and divided by the calculated basal metabolic rate for each individual 
(PAL=EErep/BMRcal). 
 

 
Figure 2. Flowchart of the participants in the follow-up of the ETICS-diet study, which is a sub-study of the 
ETICS project (Exploring the Iceberg of Celiac in Sweden, www.etics.se). Celiac disease (CD). Food Intake 
Level (FIL). 
 
 
3.4  Dietary assessment 
 

3.4.1 The	food	frequency	questionnaire		
A semi-quantitative food frequency questionnaire (FFQ) was used to estimate the food intakes for 
the cases and controls. The FFQ for the participants with Celiac disease included questions about 
how often each normally gluten-containing food item e.g. pasta, bread, had been gluten-free. The 
children with help from their parents were asked about the frequencies and amounts of the intake 
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of the different foods and dishes during the previous four weeks. The questionnaire consisted of 37 
questions covering 57 food items such as fruits, vegetables, bread, edible fats, cold cuts, milk and 
yogurt, potatoes, rice, pasta, meat, and meat products, chicken, fish, traditional dishes, beverages, 
sweets and snacks, as well as food supplements such as vitamins and minerals. It was collected 
during the wintertime. The FFQ was partly constructed based on the result from a focus group 
study in which the relationship between the gluten free diet and daily life of adolescents with Celiac 
disease had been investigated (16). Subsequently, it was developed by a registered dietitian and 
other associated experts in the field of Celiac disease.  
Reported dietary intakes were based on the frequencies and amounts of different foods and dishes 
consumed, except bread that was reported as a number of slices or pieces per day. The frequency 
of dietary intake was reported on a 6-level scale, from “not eaten the past four weeks”, “1-3 times 
in four weeks”, “1-3 times per week”, “4-6 times per week”, “once per day” to “twice per day or 
more often”. The 6-level scale for milk or yogurt consumption was slightly different; from “not 
eaten the past four weeks”, “1-3 times in four weeks”, 1-6 times per week”, “1-2 times per day”, 
3-4 times per day” to “5 times per day or more often”. Amounts were given in portion size per 
eating occasion by comparing the amount eaten with photos of different portion size in a photo 
booklet called “Matmallen”, produced by the National Food Administration (NFA), Uppsala, 
Sweden (28), as well as standard household measures or natural sizes (e.g. one apple). 
 
3.4.2 Extracting	energy	and	nutrient	intakes	from	the	questionnaire	
Trained dietitians converted the reported food intake to grams per day. The energy and nutrient 
intakes was calculated using the software program Dietist XP 3.1 (Kost och Näringsdata, Bromma, 
Sweden), based on the NFA database (version 2010-03-15). Energy factors used in calculation 
protein was 17 kJ/g, fat 37 KJ/g, carbohydrate (excluding dietary fiber) 17 KJ/g, dietary fiber 4 
KJ/g. The nutrient intakes are reported in several ways; macronutrients were presented as total 
energy (E%) and nutrient density (gram/4.2 MJ), except fiber, which was presented as amount/MJ. 
Micronutrients intakes were reported as nutrient density as well (amount/4.2 MJ) based on the 
Nordic Nutrition Recommendation (NNR) in 2004 (29). The new NNR, however, was published 6 
years after the study was conducted in 2012.   
  
3.4.3 Validation	of	the	reported	food	intakes	
Basal Metabolic Rate (BMR) was used to evaluate the validity of the reported food intakes in the 
present study through comparison with calculated energy requirements. To calculate BMR, 
Schofield equation was used and BMR was predicted from weight and height with sex and age 
taken into account (30). Afterward, food intake level (FIL) was calculated based on the reported 
total energy intake, divided by calculated BMR (FIL=EIrep/BMRcal). Participants with missing 
FIL data were excluded (n=397) (Figure 2). To exclude the potential unrealistic FIL, individuals 
with FIL below the 5th percentile (boys<0.9 and girls<0.8, n=63) and above the 95th percentile 
(boys>2.7 and girls>2.6, n=26) were excluded from further analysis.  
 
3.4.4 Low,	acceptable,	and	high	energy	intake	reporters	
The Goldberg cut-off method was used in order to verify whether the reported energy intake (EIrep) 
was reasonable as a valid measure of food intake; based on the physical activity level, number of 
dietary assessment days, and number of individuals (31, 32). In the present study standard values 
were used for other factors (unless otherwise stated); the coefficient of within subject variation in 
energy intake (CV2

wEI) was 23%, the precision of estimated BMR compared with measured BMR 
(CV2

wB) was 7.5% and 9.3% for boys and girls, respectively. The value for the coefficient of 
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variation in PAL (CV2
tP) was 12% based on the mean values of the age groups 7-12 years and 13-

17 years (32). As the value differed only slightly between boys and girls, the same value was used 
for both sexes. Based on the 95% confidence limits of the agreement between FIL and PAL, a 
lower and upper cut-off was calculated for each individual (i.e. number of individuals=1). In this 
study, subjects with a FIL below the lower cut-off (low-energy reporters) and above the upper cut-
off (high-energy reporters) were called misreporters. All the analyses were made both including 
and excluding misreporters, and as only minor differences were seen, the final results include all 
the participants. 
 
3.4.5 Adequacy	of	nutrient	intakes	
Estimated Average Recommendation (EAR) defined as “the average nutrient intake level estimated 
to meet the nutrient requirement of nearly all (97 to 98 per cent) healthy individuals in a particular 
life stage and gender group” and NNR were used to determine adequacy of nutrient intake (29, 33). 
It was expressed as percentage below the EAR, between the EAR and NNR, and above NNR. The 
formula to estimate the EAR was “EARchild=EARadult×(weightchild/weightadult)0.75×(1–growth rate), 
where the weight for children was drawn from the study participants based on the mean weight of 
boys and girls, separately (25). In addition, the weight for adult was drawn from NNR that was the 
average weight reported from the Swedish National Survey Riskmaten 1997-8, and growth rate 
was considered 15%. 
 
3.5 Statistics  
The nutrient intake of the group with previously diagnosed Celiac disease and those who were 
newly diagnosed after screening were compared and no differences were observed. Therefore, the 
two groups of previously diagnosed Celiac disease and new-screened Celiac disease were 
combined as Celiac disease cases and compared with healthy (non- Celiac disease) controls. The 
data was analyzed for boys and girls separately. The results are presented as mean with standard 
deviation, median with 25th and 75th percentile (in bracket), number, and percentage. Comparison 
between Celiac disease cases and healthy controls were analyzed using student’s t-test for 
parametric data (normally distributed) and Mann-Whitney test for non-parametric data (skewed 
data). The proportions of energy reporters (over, acceptable, and under), as well as, the proportion 
of macronutrient intakes based on the NNR among adolescents were calculated, and the difference 
between boys and girls was analyzed using Chi-square test. P-values less than 0.05 were considered 
as significant level. The program STATA for windows (version 10.0) was used in the analysis.   
 
3.6 Ethical consideration 
The study was approved by the Regional Ethical Review Board in Umeå University (Dnr UmU 
04-156M). Participation was voluntary and they could withdraw from the study was possible at 
any time without giving any explanation. Participants’ parents signed an informed consent form. 
Identification of individuals was limited by assigning a code. All the personal information was 
reserved in a database where access was restricted to core researchers involved in the ETICS study. 
 
 

4.	Results	
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4.1 Comparison of the general characteristic 
On the whole, there was no difference between Celiac disease cases and controls regarding their  
general characteristics (Table 1). The mean age for Celiac disease cases was 14.5±0.3 and for 
controls 14.6±0.3. FIL and PAL were 1.6±0.4 and 1.8±0.1, respectively, for all participants with 
no difference between Celiac disease cases and controls. There was no significant difference 
between Celiac disease cases and controls regarding energy intake level, but energy intake level 
was higher among boys than girls. The majority of all participants had valid energy reports with 
no significant differences between Celiac disease cases and controls (Table 1). 
 
 
Table 1. Comparison of general characteristic between celiac disease cases and controls among children aged 
14, Sweden. 

Characteristics	 All	(n=557)	 	 Boys	(n=251)	 	 Girls	(n=306)	 	
Cases	
(n=129)	
Mean	(SD)	

Controls	
(n=428)	
Mean	(SD)	

p‐value Cases	
(n=63)	

Mean	(SD)

Controls	
(n=188)	
Mean	(SD)

p‐value Cases	
(n=66)	

Mean	(SD)	

Controls	
(n=240)	
Mean	(SD)

p‐value

	 	 	 	 	 	 	
Age	(years)	 14.5±0.3	 14.6±0.3	 0.2781	 14.5±0.3	 14.6±0.4	 0.3351	 14.5±0.3	 14.6±0.3	 0.5621	

	 	 	 	 	
Food	intake	level	
(FIL=EI/BMR)	

1.6±0.4	 1.6±0.4	 0.2171	 1.7±0.5	 1.6±0.4	 0.1271	 1.6±0.4	 1.6±0.4	 0.8591	

	 	 	 	 	
Physical	activity	
level	(PAL)	

1.8±0.1	 1.8±0.1	 0.5761	 1.8±0.1 1.8±0.1 0.8981	 1.8±0.1	 1.8±0.1 0.4381	

	 	 	 	 	 	 	
Energy	intake	level	

(MJ/day)	
10.7±3.1	 10.3±3.0	 0.2381	 11.7±3.2 11.3±3.2 0.4411	 9.7±2.7	 9.5±2.6 0.6131	

Energy	reporters	 N	(%) N	(%)	 N	(%) N	(%) N	(%)	 N	(%)	
	 	 	 	 	 	 	

Over	(n	&	%)	 13	(10)	 29	(7)	 0.4052	 10	(16)	 14	(7)	 0.1222	 3	(5)	 15	(6)	 0.8582	

Acceptable	(n	&	%)	 80	(62)	 265	(62)	 35	(55) 107	(57) 45	(68)	 158	(66)
Under	(n	&	%)	 36	(28)	 134	(31)	 18	(29)	 67	(36)	 18	(27)	 67	(28)	

BMR = basal metabolic rate. EI = energy intake. FIL = Food Intake Level. PAL = Physical Activity Level. 1Student t-test was used continuous 
variables to present the men and standard deviation (SD) of the mean as well as the p-value for group comparisons. 2Pearson chi-square test was 
used for categorical variable to present the number and percentage (%) as well as p-value for group comparisons.  

 
 
4.2 Comparison of the macronutrient intakes 
Average protein intakes based on the nutrient density, for Celiac disease cases were less than 
controls, even after stratifying by sex, (p <0.001) (Table 2). Only 1% of all participants were below 
the recommended limit of 10 E% for protein, while the majority of them were in the recommended 
range of 10-20 E% (gram protein/body weight). No significant difference was found between 
Celiac disease cases and controls regarding carbohydrate intake even after stratifying by sex, 
(p>0.05). The majority of both cases and controls were below the recommended 50 E% for 
carbohydrate. The result was similar for both boys and girls. Average fiber intake based on the 
nutrient density was significantly higher among controls compared to cases, even after stratifying 
by sex. Similarly, quite few of cases had fiber intake above 2.5 g/MJ compared to the controls; in 
addition, the difference in proportion with low fiber intake (<1.7 gr/MJ) between cases and controls 
was more prominent among girls compared to boys. The proportion of girls with celiac disease 
who were below the fiber intake recommendation (<1,7 g/MJ) was two times higher (47%) 
compared to girls in the control group (20%) (p<0.05). 
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Table 2. Comparison of macronutrient intakes between celiac disease cases and controls among children aged 
14, Sweden. 
Macronutrients	 All	(n=557)	 	 Boys	(n=251)	 	 Girls	(n=306)	 	

Cases
(n=129)	

Controls	
(n=428)	

p‐value Cases 		
(n=63)	

Controls
(n=188)	

p‐value Cases			
(n=66)	

Controls	
(n=240)	

p‐value

Protein	 	

Nutrient	density3	 39±7	 44±7	 <0.0011 39±7 44±6 <0.0011 40±6	 44±7	 <0.0011
	 	 	 	 	 	 	 	 	 	

>20E%	(n	&	%)	 8	(6)	 78	(18)	 0.0042	 5	(8)	 35	(19)	 0.1022	 3	(5)	 43	(18)	 0.0222	
10‐20E%	(n	&	%)	 120	(93) 348	(82)	 57	(91) 152	(80) 63	(95)	 196	(81)	
<10E%	(n	&	%)	 1	(1)	 2	(1)	 1	(1) 1	(1) 0	(0)	 1	(1)	

	 	 	 	 	 	 	 	 	 	
Carbohydrate	 	

Nutrient	density3	 125±14 123±14	 0.0611 126±15 123±13 0.1061 125±13	 123±15	 0.3021
	 	 	 	 	 	 	 	 	 	

>60E%	(n	&	%)	 5	(4)	 14	(3)	 0.0512	 5	(8)	 2	(1)	 0.0142	 0	(0)	 12	(5)	 0.0032	
50‐60E%	(n	&	%)	 64	(50) 163	(38)	 26	(41) 76	(40) 38	(58)	 87	(36)	
<50E%	(n	&	%)	 60	(46)	 251	(59)	 32	(51)	 110	(59)	 28	(42)	 141	(59)	

	 	 	 	 	 	 	 	 	 	
Fiber	 	

Nutrient	density4	 1.9±2	 2.1±2	 <0.0011 1.7±1 1.9±2 0.0171 1.7±2	 2.1±2	 <0.0011
	 	 	 	 	 	 	 	 	 	

>2.5	g/MJ	 7	(5)	 95	(22)	 <0.0012	 2	(3)	 35	(19)	 0.0082	 5	(8)	 60	(25)	 <0.0012	
1.7‐2.5	g/MJ	 69	(54) 220	(52)	 39	(62) 88	(47) 30	(45)	 132	(55)	
<1.7	g/MJ	 53	(41)	 113	(26)	 22	(35)	 65	(34)	 31	(47)	 48	(20)	

	 	 	 	 	 	 	 	 	 	
>30	g/day	(n	&	%)	 11	(9) 61	(14)	 0.0682 10	(16) 39	(21) 0.6382 1	(1)	 22	(9)	 0.0252
15‐30	g/d	(n	&	%)	 83	(64) 284	(66)	 39	(62) 114	(60) 44	(65)	 170	(71)	
<15	g/day	(n	&	%)	 35	(27)	 83	(20)	 14	(22)	 35	(19)	 21	(32)	 48	(20)	

	 	 	 	
Fat	

Nutrient	density3	 35±5	 34±5	 0.0161	 35±6	 34±5	 0.1141	 35±5	 34±6	 0.0691	
	 	 	 	 	 	 	 	 	 	

>35E%	(n	&	%)	 30	(23) 76	(18)	 0.0412 14	(22) 29	(16) 0.4002 16	(24)	 47	(20)	 0.0552
25‐35E%	(n	&	%)	 91	(71)	 293	(68)	 44	(70)	 138	(73)	 47	(71)	 155	(64)	
<25E%	(n	&	%)	 8	(6)	 59	(14)	 5	(8)	 21	(11)	 3	(5)	 38	(16)	

	 	 	 	
PUFA5	

Nutrient	density3	 5±1	 3±1	 <0.0011	 5±1	 4±1	 <0.0011	 5±1	 3±1	 <0.0011	
	 	 	 	

>10	E%	(n	&	%)	 0	 0	 <0.0012	 0 0 <0.0012 0	 0	 <0.0012
5‐10	E%	(n	&	%)	 33	(26)	 9	(2)	 17	(27)	 4	(2)	 16	(24)	 5	(2)	
<5	E%	(n	&	%)	 96	(74)	 419	(98)	 46	(73)	 184	(98)	 50	(76)	 235	(98)	

	 	 	 	
SFA6	 	

Nutrient	density3	 15±3	 15±3	 0.4801	 15±3	 15±3	 0.7771	 15±3	 15±3	 0.3941	
	 	 	 	

≥10	E%	(n	&	%)	 119	(92) 380	(89)	 0.2592 55	(87) 172	(91) 0.3282	 64	(97)	 208	(87)	 0.0182	
<10	E%	(n	%	%)	 10	(8)	 48	(11)	 8	(13)	 16	(9)	 2	(3)	 32	(13)	

	 	 	 	
1Student t-test was used to present mean and standard deviation (SD) for continuous form of each micronutrients as well as the p-value for group 
comparisons.. 2Pearson chi-square test was used to present number and percentage for categorical form of each micronutrients as well as the p-value 
for group comparisons. 3g/4.2 MJ. 4g/MJ. 5Poly-Unsaturated Fatty Acids . 6Saturated Fatty Acids 

 
 
Average fat intakes based on the nutrient density were higher among Celiac disease cases compared 
to controls (35±5 and 34±5, respectively) (p=0.016), but the difference did not remain after 
stratifying by sex (Table 2). Similar result was observed based on the E% for fat. PUFA intake was 
significantly different between cases and controls even after stratification (p<0.001). The majority 
of both cases and controls were below 5 E% for PUFA, but importantly, 26% of cases had an intake 
at the recommended level 5-10 E% compared with only 2% of the controls. There was no 
significant difference regarding average intake of SFA based on the nutrient density between cases 
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and controls, but the majority of both cases and controls were above the recommended upper level 
of 10 E%, even after stratifying by sex. 
 
4.3 Comparison of the micronutrient intakes 
The results shown in table 3 are based on the nutrition density. They show that the micronutrient 
intakes are significantly different between cases and controls and higher among controls than 
Celiac disease cases, except for Vitamin D and Iron (p<0.05). After stratifying by sex the 
differences between cases and controls were not significant anymore for Thiamin, Vitamin C, and 
Iron.  But the difference remained significant among girls for Retinol and Vitamin D. Regarding 
Niacin, Magnesium, Zink, and Folate, the differences remained significantly higher among controls 
compared to cases for both boys and girls (p<0.001). 



Table 3. Comparison of micronutrient intakes between celiac disease cases and controls among children aged 14, Sweden. 
Micronutrients Recommendation All	(n=557) Boys	(n=251) Girls	(n=306)

Amount/day	
Boys/girls	

Amount/4.2	
MJ	

Cases 										
(n=129)	

Controls	
(n=428)	

p‐
value	

Cases										
(n=63)	

Controls	
(n=188)	

p‐
value	

Cases 										
(n=66)	

Controls	
(n=240)	

p‐value

	 	 	 25th	–	75th		 25th	–	75th		 	 25th	–	75th		 25th	–	75th		 	 25th	–	75th		 25th	–	75th		 	
Retinol	(VitA)	

eq	
(μg)	

900/700	 307/306 398
(308‐520)	

464
(324‐644)	

0.0161	 444	
(320‐575)	

459
(322‐658)	

0.6661	 361
(298‐460)	

468
(327‐635)	

0.0021	

	 	
Vitamin	D

(μg)	
7.5/7.5	 2.6/3.3 3.0

(2.4‐3.7)	
2.7

(2.1‐3.4)	
0.0061	 2.8	

(2.4‐3.6)	
3.0

(2.1‐3.7)	
0.4601	 3.1

(2.3‐3.8)	
2.5

(2.1‐3.3)	
0.0041	

	 	 	 	 	 	 	 	 	 	 	 	
Thiamin	(VitB1)

(mg)	
1.5/1.2	 0.5/0.5 0.4

(0.3‐0.5)	
0.5

(0.4‐0.5)	
0.0011	 0.4	

(0.3‐0.5)	
0.4

(0.4‐0.5)	
0.4601	 0.4

(0.3‐0.5)	
0.5

(0.4‐0.5)	
0.0821	

	 	 	 	 	 	 	 	 	 	 	 	
Vitamin	C
(mg)	

75/75	 26/33 18.6
(14.1‐25.3)	

20.2
(14.6‐27.7)	

0.1061	 17.2	
(13.3‐23.7)	

17.5
(12.4‐24.1)	

0.9761	 20.4
(14.4‐26.7)	

22.9
(16.1‐32.3)	

0.0571	

	 	 	 	 	 	 	 	 	 	 	 	
	 Mean	(SD) Mean	(SD) Mean	(SD)	 Mean	(SD) Mean	(SD) Mean	(SD)

	 	 	 	 	 	 	 	 	 	 	 	
Niacin	(VitB3)	

eq(μg)	
20/15	 6.8/6.6 15.6±2.9 17.4±2.9 <0.0012	 15.8±3.1	 17.6±2.7 <0.0012	 15.3±2.6 17.3±3.1 <0.0012	

	 	 	 	 	 	 	 	 	 	 	 	
Magnesium	

(mg)	
350/280	 120/122	 135.5±21.1	 160.5±22.2	 <0.0012	 135.7±21.4	 158.8±23.0	 <0.0012	 135.3±21.0	 162.0±21.5	 <0.0012	

	 	 	 	 	 	 	 	 	 	 	 	
Zink	
(mg)	

12/9	 4/4	 5.0±0.9	 5.7±1.0	 0.0012	 5.0±1.0	 5.8±0.9	 <0.0012	 5.0±0.9	 5.6±1.1	 <0.0012	

	 	 	 	 	 	 	 	 	 	 	 	
Folate	(VitB9)	

(μg)	
300/300	 102/131	 100.1±18.6	 113.3±29.0	 <0.0012	 96.2±19.2	 108.6±25.2	 <0.0012	 103.9±17.4	 117.0±30.7	 0.0012	

	 	
Iron	
(mg)	

11/15	 3.8/6.6	 5.2±0.9	 5.0±1.0	 0.0272	 5.3±0.8	 5.1±1.0	 0.1932	 5.2±1.0	 4.9±1.0	 0.0872	

1Mann‐Whitney	test	was	used	for	non‐parametric	data	for	group	comparisons	by	presenting	25th‐75th	percentile.		2For	paramedic	data	Student	t‐test	was	used	to	present	mean	and	standard	
deviation.	



 
Figure 3. Proportion (%) of Celiac Disease (CD) cases (n=63) and controls (n=188) among boys,  
reporting a dietary intake below Estimated Average Requirement (EAR), between EAR and Nordic  
Nutrition Recommendation (NNR), and above NNR. Pearson chi-square test was used to  
assess the differences. 
 

	
Figure 4. Proportion (%) of Celiac Disease (CD) cases (n=66) and controls (n=240) among girls,  
reporting a dietary intake below Estimated Average Requirement (EAR), between EAR and Nordic  
Nutrition Recommendation (NNR), and above NNR. Pearson chi-square test was used to  
assess the differences. 
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4.4 Comparison of the dietary intakes in relation to the EAR and NNR among boys 
The results from Figure 3 show that there is a similar pattern between cases and controls with no 
significant differences among boys, except for Zink. Daily consumption of Retinol, Thiamin, 
Vitamin C, and Folate could be a cause for concern where the majority of the boys are between 
EAR and NNR. Moreover, there are boys in both groups, below the EAR regarding Retinol, 
Thiamin, and Vitamin C intake. 
 
4.5 Comparison of the dietary intakes in relation to the EAR and NNR among girls 
The results from Figure 3 show that there is a similar pattern between cases and controls with no 
significant differences among girls, except for Zink. Daily consumption of Retinol, Thiamin, 
Vitamin C, Folate, and Iron could be a cause for concern where the majority of the girls are between 
EAR and NNR. Moreover, there are girls in both groups, even, below the EAR regarding Retinol, 
Thiamin, Vitamin C, and Iron intake. 
 
 

5.	Discussion		
	
5.1 The main findings 
The findings of our study confirm the fact that the nutrient intake of both boys and girls with celiac 
disease was largely similar to the nutrient intakes of non-celiac controls. Though, some nutrients 
could be of concern for the general population, regardless of being in the celiac disease cases or 
control group. This is regarded as the most important finding in our study.  
There was no difference between newly diagnosed Celiac disease and previously Celiac disease 
cases (data not shown). The result is in accordance with another study within ETICS-diet project 
assessing the changes in food choice (34) among partly the same participants as in the present 
study. Accordingly, diagnosed with celiac disease, the new Celiac disease cases have been 
frequently using gluten free products. 
There were no significant differences between Celiac disease cases and controls regarding their 
FIL, PAL, and energy intake level (p>0.05). The majority of both cases and controls were in the 
recommendation range of protein and carbohydrate intake (10-20 E% and 25-35, respectively). The 
average intake of carbohydrate was significant higher among Celiac disease cases compared to 
controls. Fiber intake was significantly higher among controls; less than 5% of all Celiac disease 
cases had fiber intake above 2.5 g/MJ compared to 21% of controls. On the contrary, the average 
intake of PUFA was significantly higher among cases compared to controls (5g/4.2 MJ and 3 g/4.2 
MJ, respectively) and much larger proportion of the cases were within the recommendation range 
of 5-10 E% compared to controls (26% and 2%, respectively). Nonetheless, the majority of both 
Celiac disease cases and controls were below the 5 E%. For the total group comparison, no 
significant difference was observed between cases and controls regarding their SFA intake, yet, 
most of the children had an intake above recommended upper level (10 E%), with larger proportion 
among the CD girls compared the control girls (Table 2). 
A few micronutrients such as Retinol, Thiamin, Vitamin C, Folate, and Iron (mainly among girls) 
are of concern (proportion <EAR) but usually not so much difference between cases and controls. 
Hence, significant difference in mean intake is not so crucial as most are above both EAR and NNR 
for all micronutrients. 
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5.2 Comparison with other studies 
Our findings are comparable with previous studies on children (23, 35-37). Therefore, as celiac 
disease patients following a strict gluten-free diet are considered as healthy as non-celiac children, 
certain nutrients require specific management, as the gluten-free diet should fulfill the same 
nutritional requirements as a “normal diet” (38). Typical gluten-containing grains must be replaced 
with alternative gluten-free whole grains, such as gluten-free oats, gluten-free breads enriched with 
fiber, and grains like amaranth, buckwheat, quinoa, and teff (39). The intake of Vitamin D was 
significantly lower among celiac disease cases compared to controls. Since the major source of 
Vitamin D is sunlight, it is important for the Swedish children who have few sun hours during the 
wintertime to get enough from food sources (40). Vitamin D is oil soluble, which means you need 
to eat fat to absorb it. Vitamin D can be found in natural food sources such as fish oils, fatty fish, 
and to a lesser extent in beef liver, cheese, egg yolks, and certain mushrooms. Vitamin C intake 
was remarkably low for all boys and girls which is a bit surprising as the common belief often is 
that vitamin C intake is always high enough. Certain inflammatory diseases are assumed to increase 
the body’s need for Vitamin C, such as celiac disease, diabetes, infections, or stress, as these 
conditions result in a greater production of free radicals (41). Because of lacking a specific enzyme 
that convers glucose into Vitamin C, humans and guinea pigs are the only mammals that are not 
able to make Vitamin C in their liver. Thus the inclusion of brightly colored fruits (citrus fruits, 
strawberries, papaya) and vegetables (green peppers, broccoli, Brussels sprouts) and also potatoes 
are highly recommended in the daily base consumptions. Iron deficiency is very common in 
menstruating women and vegetarians as well as people with malabsorptive problems like celiac 
disease (41).  In this study about a quarter of all girls had Iron intake less that EAR (20% celiac 
disease cases and 25 % controls). This can show the gender difference in the nutritional intake 
among adolescents. Not only is Iron deficiency common among people with malabsorptive 
disorders, but also among menstruating women and also vegetarians. The symptoms of Iron 
deficiency included fatigue, pale skin, canker sores, and lack of stamina. This could be of concern 
for their later pregnancy and childbearing. Red meat and dark meat poultry are very rich sources 
of Iron. In addition, consumption of foods highest in both Iron and Vitamin C could be a very good 
recommendation for our study population. Dark-green leafy vegetables, such as spinach, kale, 
collard greens, chard, beet greens, turnip greens and mustard greens, contain 1 to 4 milligrams of 
iron and 35 to 53 milligrams of vitamin C per serving as well as broccoli, bell peppers, asparagus, 
tomatoes, bok choy and potatoes. 
 
5.3 Strengths of the study 
In general, dietary assessment is difficult. Food-records are often considered the best or most exact 
method for measuring dietary intakes. However, in order to have a better dietary assessment for 
young participants in large groups, it is preferred to use retrospective methods such as FFQs instead 
of Food-records (42).  
Exclusion of the unrealistic FIL as well as participants with missing FIL in the present study 
reduces the probability of having bias and strengthens data to achieve a sufficient statistical power 
and to make an adequate inference about the participants. The implications of misreporting are that 
they are likely to either extenuate or expand any diet and disease relationships. All the analysis was 
performed on the total sample as well as on the valid reporters. The similar results obtained from 
both analyses confirm the validity and strength of the present study. Other strengths of the present 
study are that the food intake of both cases and controls were reported at the same time and with 
the same method. Using a gender- and age-matched control group and comparing with EAR are 
also a big plus for this study – most other studies compare with only some national data usually 
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collected with a different method and/or comparisons are only made with recommendations. 
Furthermore, a relatively large number of study samples within a specific age range could provide 
solid information about the children in this age group.  
 
5.4  Limitation of the study 
The findings of this study are only generalizable to young adolescents not adults. However, this 
limitation in generalizability also could strengthen the plausibility of our findings. Due to lack of 
follow-up weight records for the previously diagnosed it was not possible to assess the association 
between the nutritional intake of the adolescents and their anthropometrics. 
 
 

6.	Conclusion		
 

Unlike previous studies expecting poorer nutritional intakes among celiac disease cases, this study 
revealed the major nutritional problems and deficiencies are observed among all boys and girls 
regardless of being in the celiac disease cases or control group that could be due to unbalanced 
alimentary patterns of adolescents. The current study, in sum, informs public health intervention 
programs to promote healthy eating habits for all children by endorsing foods with high Folate, 
Vitamin C, Iron, and fiber. 
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