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ABSTRACT

BACKGROUND: There is a lack of knowledge regarding the diet of children with 
inflammatory bowel disease (IBD). Therefore, we investigated dietary intake in 
pediatric IBD compared to the general population, and assessed anthropometrics 
and food avoidance.

METHODS: In this cross-sectional cohort study, patients <18 years with IBD were 
included (2014−2017). Dietary intake (total energy, macro nutrients, food types) 
was assessed using a Food Frequency Questionnaire, and compared to a matched 
reference population (n=306).

RESULTS: 102 patients (55% male, median age 15.0 years) were included. Median 
height Z-score was -0.39 (IQR -1.17–0.26). Growth failure (height Z-scores <−1.64) 
was present in 11% of patients. Median BMI Z-score was 0.36 (IQR -0.70–0.96). 
Acute malnutrition (weight-for-height Z-score <−2) was present in 3% of patients. 

Energy intake was lower in pediatric IBD compared to the reference population 
(mean kilojoule/day: 8286 vs 9794, p<0.001). Protein intake did not differ, while 
fat intake was higher in pediatric IBD (mean gram/day: 101 vs 91, p<0.001), with 
higher intake of vegetable oils/fats. Carbohydrate intake was lower in pediatric 
IBD (mean gram/day: 267 vs 305, p<0.001), with lower intake of food types high 
in sugar. 

Food avoidance was reported in 53% of patients, with frequent avoidance of spicy 
(46%), high fat food (30%), and dairy (30%).

CONCLUSIONS: The diet of children with IBD differs from the general pediatric 
population, with lower energy intake and high rates of food avoidance. Evaluation 
of the dietary intake alongside anthropometrics may be important to prevent 
nutrition deficiencies and promote health.
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INTRODUCTION

Inflammatory bowel disease (IBD) is a group of chronic diseases characterized by 
relapsing intestinal inflammation, comprising of Crohn’s disease and ulcerative colitis, and 
if indeterminable, IBD-unclassified. Approximately 25% of IBD patients are diagnosed 
during childhood1, with 5−12/100,000 newly diagnosed children per year2. 

Symptoms of IBD in children are abdominal pain, change of bowel habits and impaired 
general well-being. Linear growth failure is common at diagnosis, especially in Crohn’s 
disease, and may precede gastrointestinal symptoms3. Growth failure likely arises from 
an interaction between inflammation (i.e. effect of cytokines on growth factors), genetic 
predisposition, and malnutrition due to lower intake, protein malabsorption, and potential 
increase in basal metabolism4. Malnutrition is most common in the acute phase of IBD5, 
but can also endure during periods of clinical remission6. Nevertheless, as observed in 
the general population, a recent report exhibited high prevalence of overweight and 
obesity in children with IBD7–9. Clinical management of these children, in addition to the 
therapeutic control of inflammation, must therefore include guidance on an appropriate 
and healthy diet to facilitate disease remission, growth, and overall health4.

Data on the diet of children with IBD are scarce. The few studies evaluating dietary intake in 
pediatric IBD are either reporting a limited number of patients10,11 or are lacking comparison 
to a valid reference population12,13. Furthermore, reports on adequacy of energy intake 
differ between studies10,12,13. Hence, there are distinctive gaps in the understanding of 
the diet of children with IBD. In addition, data regarding food avoidance related to IBD 
symptoms could give more insight in the dietary intake of these young patients. 

In this study, we aimed to investigate anthropometrics and dietary intake, and compare 
these data to the general population, in children and adolescents with previously 
diagnosed IBD. Moreover, we assessed avoidance of certain foods related to worsening 
of abdominal symptoms. 

METHODS

Patients 

In this cross-sectional study, we included children (aged 10–18 years) with an established 
diagnosis (>1 month) of Crohn’s disease, ulcerative colitis or IBD-unclassified according 
to the revised Porto criteria14, treated at the outpatient pediatric gastroenterology clinic 
of the Academic Medical Center, the Netherlands (May 2014–April 2017). Patients with 
IBD-unclassified were analyzed together with ulcerative colitis patients. Patients on a 
restricted diet for remission induction (i.e. exclusive enteral nutrition) of Crohn’s disease 
or on bowel cleansing solutions for endoscopic assessment in the preceding month 
were excluded. Patients were contacted by phone by one of two researchers (KD/HK). 
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Participation comprised of the assessment of the dietary pattern using an online Food 
Frequency Questionnaire (FFQ), food avoidance and clinical disease activity trough 
telephone interview, and height and weight measurement during outpatient visit. Patients 
who declined participation or did not fully complete the questionnaires were defined as 
non-responders. Approval from the local Medical Ethics Committee was obtained.

 
Data collection

Sociodemographic and patient characteristics 

The following baseline patient characteristics were extracted from patients’ medical records: 
age, sex, time since diagnosis, IBD phenotype according to the Paris classification15, 
current medication, and previous IBD-related surgery.

 
Clinical disease activity

Clinical disease activity was evaluated using the abbreviated Pediatric Crohn’s Disease 
Activity Index (aPCDAI) for Crohn’s disease16,17, or the Pediatric Ulcerative Colitis Activity 
Index (PUCAI) for ulcerative colitis (and IBD-unclassified)18. Clinical disease activity was 
not used in patients with an ileo- or colostomy or a colectomy with ileal pouch-anal 
anastomosis to minimize bias due to disparate stool frequency and consistency. Clinical 
disease activity was classified using previously validated cut-offs: remission (aPCDAI<10/ 
PUCAI<10 points), mild (aPCDAI 10–15/ PUCAI 10–34 points), and moderate-severe 
(aPCDAI≥20/ PUCAI≥35 points)16–19.

 
Growth and anthropometrics 

Anthropometrics (height, weight, body mass index [BMI] and weight for height with 
Z-scores) were assessed during outpatient visits, at time of FFQ assessment20. Height 
and BMI Z-scores were presented in all patients and separate groups: Crohn’s disease or 
ulcerative colitis and clinical remission or active disease. The presence of growth failure 
was defined as height Z-scores <−1.64 corresponding to <5th percentile21. Overweight 
was defined as a BMI Z-scores >1 and obesity as BMI Z-scores >2, according to the Dutch 
guidelines22. Acute malnutrition was defined as weight for height Z-scores <-2, according 
to the Dutch guidelines23. Weight for height instead of BMI was used to accurately assess 
acute malnutrition, since height deflection due to chronic illness can flatter BMI.

 
Dietary intake 

Dietary intake over the last month was assessed using a validated FFQ (FFQ-NL1.0) 
developed by the division of Human Nutrition of Wageningen University24. The FFQ-
NL1.0 consists of 160 food items with questions on frequency and consumed amounts 
with a reference period of 1 month. Children were instructed to complete the FFQ 
together with at least one caregiver. Trained dietitians from the Wageningen University 



6

Di
et

 o
f c

hil
dr

en
 w

ith
 IB

D

133

evaluated if the FFQ was filled out properly. Energy intake (kilojoules [kj]/day) and intake 
of macronutrients (grams [g]/day): protein (vegetable, animal), fat (saturated, mono-, 
poly-unsaturated fatty acids, linoleic acid, trans fatty acids), carbohydrates (mono-, di-, 
polysaccharides), and food groups (with a substantial intake) were assessed. Food groups 
were classified using the EPIC-Soft classification of food groups, as exhibited in table 325. 
Dietary intake of macronutrients and food groups were adjusted for total energy intake 
to level out systematic differences in total intake26. Dietary intake of children with IBD 
was compared to the reference population, which consisted of matched children from 
the general population, collected during the Dutch National Food Consumption Survey 
2007−201027. Dietary intake of the reference population was assessed using two non-
consecutive 24-hour dietary recalls per control with an interval of approximately 4 weeks 
(range 2−6 weeks)27. The FFQ-NL1.0 and 24-hour dietary recalls agree well on energy 
intake and most macronutrients, with low levels of bias in mean values24. Estimated energy 
requirements (EER) in kj were calculated using Schofield equations with an ‘light’ physical 
activity level (PAL)28,29: males: (74*weight[kg] + 2754)*PAL, females: (56*weight[kg] + 
2898)*PAL. This did not include potential additional energy requirements related to IBD. 
Although lower intake might be specific to pediatric IBD, we calculated the ratio of energy 
intake to basal metabolic rate (BMR) to detect potential under- or over-reporting of dietary 
intake, using Goldberg cut-offs (energy intake/BMR: <1.01 or >3.20)30. Vegetable and fruit 
intake was compared to recommendations of the Netherlands Nutrition Center31.

 
Food avoidance

Food avoidance was assessed asking the patients: ‘do you avoid foods because of 
worsening of abdominal symptoms (i.e. abdominal pain and/or change of bowel habits)’. 
Types of avoided foods were registered. We only exhibited food types that were mentioned 
by at least two patients. 

 
Statistical analysis

Children with IBD were exactly matched with a reference population on age (difference <12 
months between patients and controls), sex and meteorological season (spring, summer, 
fall, winter) at time of dietary assessment using SPSS FUZZY case-matching algorithm 
without replacement, until no exact match remained for each case. 

Differences in baseline characteristics of responders and non-responders, and children with 
IBD and the reference population, and their dietary intake were analyzed using Fisher’s 
exact tests for categorical variables and T-tests or Mann-Whitney U tests, for normally 
and non-normally distributed continuous variables, respectively. A sensitivity analysis was 
performed on energy intake between children with IBD and the reference population, 
excluding those with potential under- or over-reporting of dietary intake. Supplementary, 
differences in energy and macronutrient intake between patients with Crohn’s disease and 
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ulcerative colitis, or those in remission and active disease, and the reference population 
were analyzed using one-way ANOVA with Turkey post-hoc test for normally distributed or 
Kruskal-Wallis test with Dunn’s post-hoc for non-normally distributed variables.

Associations between energy intake, and clinical disease activity (remission, mild, 
moderate-severe), months since diagnosis, height Z-score, or BMI Z-score were done 
using multivariable linear regression (expressed as standardized beta [B]), corrected for 
age and sex. Adjustment for multi-comparisons in dietary intake between children with 
IBD and the reference population was performed using a level of significance at p<0.005, 
and for other comparisons at p<0.05. Statistical analysis was performed using IBM SPSS 
Statistics 24 for Windows. 

RESULTS

Patient characteristics

In total, 102 patients (56 [55%] male, median age 15.0 years) were included: 67 Crohn’s 
disease, 32 ulcerative colitis, 3 IBD-unclassified. The response rate was 77% (102/132). 
Responders were of comparable age (median: 15.0 years [13.0–16.3] vs 15.0 years [13.0–
16.0], p=0.223), had a similar distribution of gender (male: 55% vs 46%, p=0.533) and type 
of IBD (Crohn’s disease; ulcerative colitis; IBD-unclassified: 66%; 31%; 3% vs 70%; 23% 7%, 
p=0.435) compared to non-responders. Based on clinical indices, 55 (54%) patients were 
in remission, 30 (29%) patients had mild and 17 (17%) patients moderate-severe disease 
activity. Additional patient characteristics, including medication for IBD, previous surgery, 
and disease phenotype according to the Paris classification are presented in Table 1. 

 
Height and anthropometrics

Height and anthropometrics was assessed in 92 (90%) patients. The median height 
Z-score was -0.39 (-1.17–0.26), with neither significant difference between Crohn’s disease 
and ulcerative colitis patients (median: -0.54 [-1.43–0.22] vs -0.24 [-0.77–0.34], p=0.115), 
nor between patients with IBD in clinical remission and with active disease (median: 
-0.39 [-1.24–0.34] vs -0.39 [-1.29–0.21], p=0.528). Growth failure was present in 10 (11%) 
patients (3% in ulcerative colitis and 15% in Crohn’s disease patients). 

The median BMI Z-score was 0.36 (-0.70–0.96), with no difference between Crohn’s disease 
and ulcerative colitis patients (median: 0.32 [-0.71–0.83] vs 0.42 [-0.64–1.24], p=0.410), nor 
between patients with IBD in clinical remission and active disease (median: 0.53 [-0.73–
1.21] vs 0.36 [-0.70–0.85], p=0.447). Acute malnutrition was present in 3 (3%) patients, 
while overweight and obesity was present in 15 (16%) and 6 (7%) patients, respectively. 
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Table 1 │  Patient characteristics

IBD (n=102)

Age (median, IQR) 15.0 (13.0–16.3)

Male 56 (54.9%)

Months since diagnosis of IBD (median, IQR) 36.0 (15.8–52.0)

Diagnosis of IBD
CD
UC
IBD-U

67 (65.7%)
32 (31.4%)
3 (2.9%)

Current medication for IBD
Thiopurine
5-ASA
Anti-TNF
Steroids
Methotrexate

95 (93.1%)
45 (44.1%)
34 (33.3%)
32 (31.4%)
19 (18.6%)
11 (10.8%)

Previous IBD-related surgery
Perianal surgery
Resectional surgery

16 (15.76%)
10 (9.8%)
6 (8.9%)

Crohn’s disease (n=67)

Age at diagnosis (Paris classification)
A1a: 0–<10 years
A1b: 10–<17 years
A2: 17–40 years

16 (23.9%)
50 (74.6%)
1 (1.5%)

Locationa (Paris classification) 
L1
L2
L3
L4a
L4b
L4ab

7 (10.4%)
18 (26.9%)
42 (62.7%)
12 (17.9%)
1 (1.5%)

18 (26.9%)

Behavior (Paris classification)
B1: non-stricturing, non-penetrating
B2: structuring
B3: penetrating
B2B3: penetrating and stricturing
p: perianal disease

60 (89.6%)
5 (7.5%)
1 (1.5%)
1 (1.5%)
9 (13.4%)

Growth impairment (Paris classification)
Evidence of growth delay 12 (17.9%)

Ulcerative colitisb (n=36)

Extent (Paris classification) 
E1: proctitis
E2: left-sided disease
E3: extensive disease
E4: pancolitis

3 (8.6%)
5 (14.3%)
3 (8.6%)

24 (68.6%)

Severityc (Paris classification)
S1: ever severe 12 (34.3%)

a L1: distal 1/3 ileum ± limited cecal disease; L2: colonic; L3: ileocolonic; L4a: upper disease proximal 
to ligament of Treitz; L4b: upper disease distal to ligament of Treitz and proximal to distal 1/3 ileum.  
b patients with IBD-unclassified were analyzed as ulcerative colits. 
c defined as ever a PUCAI ≥65 points.
CD: Crohn’s disease, IQR: inter quartile range, UC: Ulcerative colitis.
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Dietary intake 

Dietary intake of children with IBD (n=102) was compared to a reference population 
(n=306) (table 2, figure 1). Patients and the reference population controls did not differ 
on age (median: 15 years [13–16] vs 15 years [13–17], p=0.690), gender (55% vs 55%, 
p=1.000) and season (autumn; winter; spring: 29%, 14%, 57% vs 29%, 14%, 57%, p=1.000) 
at time of dietary assessment. 

 
Energy intake 

Energy intake was lower in children with IBD compared to the reference population (mean 
kj/day: 8286 (2772) vs 9794 (2739), p<0.001, Table 2). A lower energy intake in pediatric 
IBD patients was seen in both sexes and age groups (10-13 and 14-17 years) per sex 
(table 2). Both, children with IBD and those from the general population had an overall 
energy intake lower than their estimated EER, although this ratio was significantly lower in 
children with IBD (80% vs 92%, p<0.001). 

A sensitivity analysis performed on energy intake between children with IBD and the 
reference population, to exclude those with potential under- or over-reporting of dietary 
intake, showed that the energy intake was still lower in children with IBD (mean kj/day: 
8370 (2455) vs 10303 (2483), p< 0.0048).

Distributing patients into type of IBD, energy intake of children with Crohn’s disease 
was lower compared to the general population, while patients with ulcerative colitis did 
not significantly differ from the reference population (Supplementary table 1). When 
distributing patients by clinical disease activity, energy intake was comparable between 
patients in remission and with active disease, and both were lower compared to the 
reference population (Supplementary table 2). 

 
Macronutrients

Total protein intake did not differ, but vegetable protein intake was higher in children with 
IBD compared to the reference population (mean g/day: 36.5 [8.0] vs 32.6 [7.5], p<0.001, 
Table 2). Total fat intake was higher in children with IBD compared to the reference 
population (g/day, mean: 100.5 [14.2] vs 90.6 [16.4], p<0.001, Table 2). Difference in total 
fat intake was primarily caused by higher intake of mono- and poly-unsaturated and not 
saturated fatty acids. Moreover, linoleic acid and trans fatty acid intake was higher in 
children with IBD compared to the general population. Total carbohydrate intake was 
lower in children with IBD (mean g/day: 266.6 [33.2] vs 305.0 [39.2], p<0.001, Table 2), 
with a lower intake of mono- and di-, but not polysaccharides. 

Distributing patients into type of IBD, showed that the total fat intake was higher and the 
total carbohydrate intake lower in both children with Crohn’s disease and ulcerative colitis, 
compared to the reference population (Supplementary table 1). 
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No differences between the total intake of protein, fat and carbohydrates were seen 
between children with Crohn’s disease and ulcerative colitis (Supplementary table 1). 
When distributing patients on clinical disease activity, total protein intake did not differ 
between children with active disease or in clinical remission, and neither from the reference 
population (Supplementary table 2). Fat and carbohydrate intake were comparable 
between patients in remission and with active disease, and both groups differed from the 
reference population with higher fat and lower carbohydrate intake (Supplementary table 
2).

Table 2 │  Energy intake and macronutrients between children with IBD and children from the refer-
ence population

IBD Reference 
population p

Energy Intake (kj/day)

All subjects
Mean (SD)
Median (IQR)

8286 (2772)
7882 (6260–9945)

9794 (2739)
9538 (7738–11369)

<0.001a*

Female (median (IQR), n=184)
Female 10-13y (median (IQR), n=46) 
Female 13-17y (median (IQR), n=138)

7215 (5818–8570)
7142 (6297–8413)
7215 (5415–8819)

8285 (7042–9696)
8773 (1592–10019)
8139 (6961–9498)

0.002b*
0.019b

0.018b

Male (median (IQR), n=224)  
Male 10-13y (median (IQR), n=62)  
Male 14-17y (median (IQR), n=162) 

8797 (6781–10698)
8774 (6412–10422)
8797 (7235–10747)

10888 (9212–12552)
10443 (9001–11732)
11067 (9289–12750)

<0.001a*
0.018b

<0.001b*

Macro nutrientsd (g/day)

Total protein, mean (SD)
Vegetable protein, mean (SD)
Animal protein, mean (SD)

87.0 (16.0) 
36.5 (8.0) 
48.5 (16.6)

82.1 (16.9) 
32.6 (7.5)
49.4 (17.1)

0.009a 
<0.001a* 
0.600a

Total fat, mean (SD)
Saturated fatty acids, mean (SD)
Mono-unsaturated fatty acids, mean 
(SD)
Poly-unsaturated fatty acids, mean (SD)
Linoleic acid, mean (SD)
Trans fatty acids, mean (SD)

100.5 (14.2)
36.0 (6.9)
36.2 (5.7)
20.0 (5.8)
16.5 (5.1)
1.6 (0.5)

90.6 (16.4)
34.1 (7.6)
31.8 (6.9)
17.2 (5.4)
14.1 (4.8)
1.4 (0.7)

<0.001a*  
0.023a

<0.001a* 
<0.001a*
<0.001a*   
0.002a*

Total carbohydrates, mean (SD)
Mono- and disaccharide, mean (SD)
Polysaccharides, mean (SD)

266.6 (33.2)
117.8 (32.4)
148.2 (27.6)

305.0 (39.2)
152.8 (41.8)
152.0 (28.9)

<0.001a* 
<0.001a*   
0.234a

* indicate an significant difference (p<0.005)
a normal distributed, calculated with unpaired T-test 
b non-normal distributed, calculated with  Mann–Whitney U test 
c calculated with Schofield Equation in kj 
d adjusted for total energy intake
EER: estimated energy requirements, g: grams, IBD: inflammatory bowel disease, IQR: inter quartile 
range, kj: kilojoule, SD: standard deviation
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Food groups

Vegetable and fruit consumption was higher in children with IBD compared to the general 
population (Table 3). The recommended daily intake of vegetables (10-13 year: 150g, 
14-17 year: 200g) and fruits (10-18 year: 200g) was only obtained by 10% and 37% of 
patients, respectively. Consumption of vegetable oil and margarine products was also 
higher in children with IBD compared to the general population (Table 3). Food groups 
high in sugar, such as sugar/confectionery (median g: 35.4 vs 55.4), and especially soft 
drinks and diluted syrups (median g: 87.2 vs 450.5), were less consumed in children with 
IBD compared to the general population (table 3). All other food consumptions (potatoes, 
dairy and cereal products, cakes, pastries, biscuits, red meat, butter) did not differ between 
children with IBD and the reference population (Table 3).

 
Associations of energy intake with disease activity, months since diagnosis, height and 
anthropometrics

Current disease activity (remission/ mild/ moderate-severe) (Standardized B: -0.09, 
p=0.363) and months since diagnosis (Standardized B: 0.11, p=0.300) were not associated 
with energy intake. A trend was observed in the association between height Z-score and 
energy intake (Standardized B: 0.19, p=0.058). BMI Z-score was not significantly associated 
with energy intake (Standardized B: -0.12, p=0.269).

 
Food avoidance

Avoidance of foods in relation to abdominal symptoms was reported in 54 patients (53%). 
Common reported type of avoided foods were (more to less frequent): 46% spicy food, 
30% foods high in fat, 30% dairy products, 11% cereal products, 11% onion/leek, 9% bell 
pepper, 9% sweets (candy/chocolate), 7% meat, 4% soft-/carbonated drinks.

Figure 1 |  Difference in energy intake and macronutrients between children with IBD and the reference 
population. * indicate an significant difference (p<0.005).
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Table 3 │  Difference in consumed food groups (g/day) between children with IBD and children from 
the reference population

IBD 
(n=102)

Reference population 
(n=308) p

Potatoes, median (IQR) 69.8 (42.7−96.1) 91.0 (23.1–145.9) 0.029

Vegetables, median (IQR) 102.2 (52.4–168.7) 77.2 (31.7–124.6) 0.001*

Fruits, median (IQR) 146.8 (46.5–291.8) 95.4 (0.00–207.9) <0.001*

Dairy, median (IQR) 220.3 (96.7–438.2) 169.5 (75.0–296.3) 0.010

Cereal products (including bread),  
median (IQR)

250.4 (187.6–288.4) 261.5 (198.5–326.5) 0.081

Red Meat, median (IQR) 68.5 (33.0–96.8) 58.1 (27.7–96.2) 0.299

Vegetables oil, margarine products 5.5 (1.1–13.4) 10.0 (2.2–25.0) <0.001*

Butter (animal) 14.6 (5.0–33.8) 17.6 (0.0–36.2) 0.834

Sugar, confectionery, median (IQR) 35.4 (15.2–53.9) 55.4 (31.6–93.9) <0.001*

Cakes and cookies, median (IQR) 54.4 (33.3–90.0) 49.0 (17.4–84.5) 0.066

Soft drinks, diluted syrups, median (IQR) 87.2 (0.0–306.0) 450.5 (146.1–766.9) <0.001*

Intake of food group (g/day) was  adjusted for total energy intake. All data were non-normal distrib-
uted continuous data and calculated with  Mann–Whitney U test. * indicate an significant difference 
(p<0.005)
g: grams, IBD: inflammatory bowel disease, IQR: inter quartile range

DISCUSSION

In this study, we determined the anthropometrics, dietary intake (including energy, 
macronutrients and food group intake) compared it with reference values of the general 
population, and food avoidance of children with IBD. Moreover, associations between 
energy intake, clinical disease activity and anthropometrics were assessed.

Height for age Z-scores in this cohort were generally low (-0.39), which matches with other 
cohort of pediatric IBD patient under medical guidance (-0.46−-0.56)32,33. Although we 
did not detect significant differences in mean height Z-scores between Crohn’s disease 
and ulcerative colitis patients, only 3% of ulcerative colitis and 15% of Crohn’s disease 
patients showed growth failure (defined as height Z-scores <−1.64). In a systematic 
review focusing on anthropometrics in pediatric IBD, growth failure (defined as ≤-2 SD) 
was indeed identified more often in Crohn’s disease (10−56%) than in ulcerative colitis 
(0−10%). However, most children with IBD eventually achieve final adult heights within 
their normal or slightly lower than their target height34,35. Nonetheless, the assessment of 
growth is essential as an impaired height is also associated with psychological dysfunction 
and lower quality of life36–38.

Traditionally, children with IBD have been described as malnourished and underweight. In 
this cohort, BMI Z-scores were not impaired overall (0.36), and merely 3% of the patients 
was defined as acutely malnourished (Z-score <-2). Our rate of acute malnourishment 
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appears to be lower than in other studies of children with IBD, reporting BMI Z-score <-2 
in 15% of pediatric Crohn’s disease39. On the other side of the spectrum, overweight and/
or obesity was substantially present in this cohort (23%), which corresponds to a large 
pediatric IBD-cohort from the United States reporting a prevalence of overweight/obesity 
of 23.6%8, and equals the global prevalence of the pediatric overweight/obesity in the 
general population in 2013 of 23%40. However, BMI is not the most accurate measure 
of anthropometrics in pediatric IBD as it only measures total and not lean weight. In 
children with IBD, BMI Z-scores can rise or appear normal, while lean weight Z-scores can 
consistently be below mean of healthy controls, even in patients in clinical remisison41–43. 
Nevertheless, overweight and obesity in IBD, as measured by BMI, might be associated 
with worse outcomes, including earlier IBD-related surgery44 and a decrease in IBD-related 
quality of life45.

Energy intake in this study was lower in children with IBD compared to children of the 
general population. When distributing patients by type of IBD, energy intake of children 
with Crohn’s disease differed from the reference population, but not compared to those 
with ulcerative colitis. These results are similar to other pediatric studies, reporting a lower 
energy intake in children with Crohn’s disease compared to controls, in all children with 
Crohn’s disease10,12, or only in those with clinical active disease10,11. In this cohort, energy 
intake was low, regardless of active disease. The limited number of adult studies assessing 
dietary intake in IBD patients and controls of the general population, did not observe a 
difference in energy intake, regardless of clinical disease activity of IBD patients46, nor 
when only observing IBD patients in remission47. 

Macro nutrient intake for total protein did not differ from children of the general population. 
Interestingly, a slight though significant elevation of protein intake from vegetable proteins 
was observed, which is explained by a higher vegetable intake. Two other cohort studies 
of pediatric Crohn’s disease patients, showed comparable results10,12. The increased intake 
of fat observed in pediatric IBD, as compared to the reference population, was mainly due 
to a higher intake of mono-, and poly-unsaturated fatty acids and not its saturated form. 
Currently, there are no data on fat intake in children with IBD. Opposite to our results, 
studies in adults did not find differences in fat intake between patients and controls46,48. 
Regarding the intake of carbohydrates, we observed a lower intake in children with 
IBD, primarily mono- and di-saccharides, which can be related to a significantly lower 
intake of high sugar containing product (i.e. sugar/confectionery and soft drinks/diluted 
syrups). Another cohort of pediatric Crohn’s disease patients found a similar decrease in 
carbohydrates10. The results of our and the latter pediatric cohort were in notable contrast 
to adult studies, which report an even higher intake of total carbohydrates, especially in 
patients with active disease46,48. 

In this study we did not observe significant associations between energy intake, and 
clinical disease activity, months since diagnosis, height, or BMI Z-scores. The absence of 
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significant associations may be related to the relative mild disease activity in this cohort. 
In this cohort, the majority of patients had clinically inactive (54%) or mild disease (29%), 
and secondary to this height and BMI Z-scores were likely less decreased. Clinical disease 
activity, specifically, might not be related to energy intake, as the former is just a snapshot 
of symptoms, which in itself is poorly correlated to the underlying inflammatory process 
(i.e. endoscopy/ inflammatory markers)49. A previous study in children with IBD, neither 
found an association between clinical disease activity and energy intake associating12. 

Months since diagnosis was not associated to energy intake. This may be related to the 
lack of patients with newly diagnosed IBD in this cohort, since patients on a restricted 
diet for remission induction, or bowel-cleansing solutions in the preceding month were 
excluded. 

The lack of an association between energy intake and BMI Z-score might be related to 
confounding, as BMI is a consistent determinant related to under-reporting of dietary 
intake in subjects with high BMI50. Furthermore, as discussed before, children with IBD can 
exhibit normal BMI’s, while having a decreased lean weight41–43. Moreover, a small study 
of 16 patients with Crohn’s disease found no correlation between BMI and energy intake, 
while higher malabsorption, a well-documented phenomenon in IBD51, was correlated 
with lower BMI52. The latter may be explained by decreased availability of nutrients due 
to malabsorption. 

Although not significant, we observed a trend towards lower height for age Z-scores 
in patients with low intake. Enduring insufficient dietary intake may contribute to lower 
growth potential53. Deprivation of energy from nutrition, due to insufficient dietary intake 
and malabsorption, may independently decrease serum levels of insulin-like growth 
factor 54,55 and may cause growth hormone resistance54,55. In addition, these hormonal 
changes related to nutrition, pediatric IBD patients treated with exclusive enteral nutrition 
(EEN) exhibit greater improvement of nutritional status over glucocorticoid treated11,56. 
Nonetheless, whether improvement of height and weight during EEN is due to improvement 
in nutritional status or a reduction in inflammation still needs to be elucidated. 

Food avoidance related to abdominal symptoms in children with IBD was common (53%), 
with most frequent avoidance of spicy food, products high in foods high in fat and dairy 
products. The frequent avoidance of food by IBD patients is known from studies in adults 
(i.e. 66%)57, with types of frequently avoided food (i.e. spicy, dairy, foods high in fat) 
corresponding to avoidance in our cohort58–60. As a consequence of this, patients will try 
to find a diet excluding this special food and will often not share the menu of their families 
and friends, which has social implications and can lead to reduced pleasure of eating60. 
Disregarding a decreased total energy intake, predominantly seen in Crohn’s disease 
patients, the diet of children with IBD appears healthier. Pediatric IBD patients have a 
higher intake of vegetables, and mono-, and poly-unsaturated fatty acids, while primarily 
mono- and di-saccharides intake was lower, compared to the general population. Indeed, 
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a healthy diet is one of the greatest concerns of patients with IBD61 and is assumed to affect 
their IBD62. Although some associations between diet and the onset or course of CD have 
been found, the impact of diet on the course of IBD remains ambiguous63. A systematic 
review on epidemiological studies evaluating dietary intake and risk of developing IBD 
revealed that a higher intake of fibers and vegetables, as seen in our cohort, may protect 
from developing CD64. Furthermore, a prospective study in adults with CD exhibited that 
a higher intake of dietary fiber is associated with reduced disease flares65. Moreover, a 
higher ingestion of sugar66,67, and mono- and disaccharides 68 have been associated with 
the onset of CD. However, effects of dietary modulation of sugar intake on the course of 
CD remain unknown67. 

Although the higher intake of vegetables and lower intake of mono- and di-saccharides 
might be beneficial for the course of CD, the higher intake of total fat, and mono-, and 
poly-unsaturated fatty acids have been associated with adverse health outcomes. A high 
intake of total fat, saturated fat, and mono-unsaturated fatty acids have been associated 
with CD onset64 and to a more active disease phenotype69,70.

Results from the present study indicate that children with IBD have an altered diet 
compared to children from the general population, with a lower total energy (mainly in 
Crohn’s disease), lower and mono- and di-saccharides intake, higher intake of unsaturated 
fatty acids, and overall high rates of food avoidance. Children with IBD generally have 
low height Z-scores (mainly in Crohn’s disease), but normal BMI-scores, with overweight 
and obesity similarly prevalent compared to that of the general population. These results 
imply integration of dietary assessment in combination with anthropometrics in the 
treatment of pediatric IBD. First, a crude estimate of dietary intake can be acquired by 
the treating physician, in combination with timely and reliable measurement of height 
and weight. As discussed above, a loss in total weight can be flattered by an increase 
in relative fat mass, while lean weight is decreased. Lean weight can be assessed with 
bioelectrical impedance analysis, which is a quick and noninvasive method for estimating 
body composition71. Secondly, in patients with suspected abnormal dietary intake and/
or anthropometrics, both supra- and suboptimal, nutrition education can be provided 
by trained dietitians. Nutritional education focused on the benefits of a balanced diet 
and suggestions on how to practically implement this in daily life could provide patients 
and families with knowledge to make healthy choices, thereby preventing nutritional 
deficiencies and maintaining a healthy weight. Diet counseling in adults with Crohn’s 
disease was actually found efficacious in improving the nutrient intake and preventing 
food restrictions72. However, future research has to focus on effective approaches and 
interventions for improving nutritional intake and dietary behaviors in youth with IBD.

The strength of this study is that we assessed the diet in a large cohort of pediatric IBD 
patients under medical guidance with a reliable tool and compared this to a matched 
cohort of children from the general population. Furthermore, to avoid bias, we excluded 
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patients who had a different diet related to therapy or bowel preparation before 
endoscopy. A limitation of this study might be the different method of assessing dietary 
intake in children with IBD and those from the general population. Nonetheless, intake 
of energy and macronutrients between FFQ’s and 24-hour dietary recalls are generally 
highly corresponding25. The FFQ-NL 1.0, as used in this study, has good agreement with 
24-hour dietary recalls for energy (-2.2%), protein (+1.8%), and carbohydrates (-1.5%) 
intake24. Only fat (-6.2%), specifically saturated fatty acids (-13.1%) were generally lower 
compared to 24-hour recalls24. We therefore might have underestimated the consumed fat 
in children with IBD, which, however, was raised in the opposite direction compared to the 
reference population. Regarding food groups, low bias (<5%) was present in fruits (+4.8%) 
and fats/oils (+3.4%), and bread products (-3.9%) between the FFQ-NL1.0 and 24-hour 
recalls. Greater systematic between food group intake between the FFQ-NL1.0 and 24-
hour recalls are vegetables (-11.1%) and sugar/ confectioneries (+9.8%). Reassuringly, both 
greatly differed in the opposite direction in children with IBD compared to the reference 
population (vegetable +32.4%, sugar/ confectionery intake -37.8%). Comparison of food 
groups that may have been inaccurate, due to systematic differences between the FFQ-
NL1.0 and 24-hour recall are: dairy products (+16.9%), cakes/cookies (-31.9%), and meat 
intake (+41.1%). Another limitation is the lack of lean weight assessment, using bioelectrical 
impedance analysis, as our department did not have a bioelectrical impedance device.

In conclusion, children with IBD have a different diet compared to the general population, 
with lower energy intake and high avoidance rates of specific food types. Pediatric IBD 
patients generally exhibit mildly decreased height, but normal BMI scores, with prevalence’s 
of overweight and obesity equaling the general population. Therefore, consideration of 
dietary intake alongside adequate appraisal of anthropometrics is important to prevent 
nutritional deficiencies and support physical and mental health in children with IBD. 
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Supplementary table 1 │  Difference in consumed food groups between children with IBD and children from the 
reference population

Crohn’s
disease

Ulcerative 
colitis

General
population pa Post-hoc testb

Energy Intake (kj/day)
mean (SD)

7944 (2560) 8939 (3073) 9794 (2739) <0.001* CD vs RP: <0.001*
UC vs RP:   0.189
CD vs UC:   0.192

Macro nutrientsd (g/day) 

Total protein
mean (SD)
     

87.4 (14.4) 86.2 (18.8) 82.1 (16.9)   0.037 CD vs RP:   0.050 
UC vs RP:   0.353
CD vs UC:   0.938

Vegetable protein
mean (SD)

37.0 (7.7) 35.5 (8.5) 32.6 (7.5) <0.001* CD vs RP: <0.001*
UC vs RP:   0.077
CD vs UC:   0.634

Animal protein
mean (SD)

50.4 (15.4) 50.6 (18.9) 49.4 (17.1)   0.866 CD vs RP:   0.910
UC vs RP:   0.918
CD vs UC:   0.997

Total fat
mean (SD)
    
     

99.4 (13.7) 102.6 (15.0) 90.6 (16.4) <0.001* CD vs RP: <0.001*
UC vs RP: <0.001*
CD vs UC:   0.598

Saturated fatty acids
mean (SD)

36.3 (6.9) 35.4 (6.9) 34.1 (7.6)   0.078 CD vs RP:   0.076
UC vs RP:   0.613
CD vs UC:   0.822

Mono-unsat. fatty acids
mean (SD)

35.7 (5.7) 37.2 (5.7) 31.8 (6.9) <0.001* CD vs RP: <0.001*
UC vs RP: <0.001*
CD vs UC:   0.597

Poly-unsat. fatty acids
mean (SD)

19.0 (5.0) 21.7 (6.9) 17.2 (5.4) <0.001* CD vs RP:   0.034
UC vs RP: <0.001*
CD vs UC:   0.048

Linoleic acid
mean (SD)

15.6 (4.4) 18.1 (6.0) 14.1 (4.8) <0.001* CD vs RP:   0.059
UC vs RP: <0.001*
CD vs UC:   0.043

Trans fatty acids
mean (SD)

1.6 (0.5) 1.6 (0.5) 1.4 (0.7)   0.043 CD vs RP:   0.082
UC vs RP:   0.251
CD vs UC:   1.000

Total carbohydrates
mean (SD)

267.4 (34.0) 263.7 (31.8) 305.0 (39.2) <0.001* CD vs RP: <0.001*
UC vs RP: <0.001*
CD vs UC:   0.887

Mono- and disaccharide
mean (SD)

117.0 (31.0) 119.4 (35.4) 152.8 (41.8) <0.001* CD vs RP: <0.001*
UC vs RP: <0.001*
CD vs UC:   0.957

Polysaccharides
mean (SD)

150.3 (28.4) 144.3 (26.0) 152.0 (28.9) 0.259 CD vs RP:   0.892
UC vs RP:   0.284
CD vs UC:   0.575

* indicate an significant difference (p<0.005)
a normal distributed, calculated with one-way ANOVA.  
b Turkey’s post-hoc test 
c Schofield Equation in kj 
d adjusted for total energy intake

CD: Crohn’s disease, g: grams, IBD: inflammatory bowel disease, IQR: inter quartile range, kj: kilojoule, SD: stan-
dard deviation,  RP: reference population, UC: ulcerative colitis
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Supplementary table 2 │  Energy intake and macronutrients between children with IBD in clinical remission, with 
active disease and the reference population

Active disease Remission General
population pa Post-hoc testb

Energy Intake (kj/day)
mean (SD)

   8412 (2812) 7862 (2782) 9794 (2739) <0.001* A vs R:     0.604
A vs RP:   0.004*
R vs RP: <0.001*

Macro nutrientsd (g/day) 

Total protein
mean (SD)
     

86.3 (14.7) 88.7 (18.6) 82.1 (16.9)   0.023 A vs R:     0.785
A vs RP:  0.238
R vs RP:  0.042

Vegetable protein
mean (SD)

37.0 (7.7) 35.5 (8.5) 32.6 (7.5) <0.001* A vs R:      0.297
A vs RP: <0.001*
R vs RP:  0.107

Animal protein
mean (SD)

48.9 (14.3) 53.6 (19.2) 49.4 (17.1)   0.290 A vs R:     0.383
A vs RP:  0.979
R vs RP:  0.280

Total fat
mean (SD)
    
     

99.3 (15.0) 100.3 (13.1) 90.6 (16.4) <0.001* A vs R:     0.946
A vs RP:   0.001   
R vs RP: <0.001*

Saturated fatty acids
mean (SD)

35.4 (6.9) 35.9 (6.7) 34.1 (7.6) <0.001* A vs R:    0.942
A vs RP: 0.502   
R vs RP: 0.290

Mono-unsat. fatty acids
mean (SD)

35.7 (5.7) 36.5 (5.8) 31.8 (6.9) <0.001* A vs R:      0.830
A vs RP: <0.001*
R vs RP: <0.001*

Poly-unsat. fatty acids
mean (SD)

19.9 (6.1) 19.4 (5.1) 17.2 (5.4) <0.001* A vs R:    0.906  
A vs RP: 0.004*  
R vs RP: 0.028

Linoleic acid
mean (SD)

16.5 (5.4) 16.0 (4.4) 14.1 (4.8)   0.001* A vs R:    0.894 
A vs RP: 0.005   
R vs RP: 0.042

Trans fatty acids
mean (SD)

1.6 (0.5) 1.6 (0.4) 1.4 (0.7)   0.074 A vs R:      0.968
A vs RP:   0.252   
R vs RP:   0.156

Total carbohydrates
mean (SD)

268.9 (32.1) 265.8 (35.7) 305.0 (39.2) <0.001* A vs R:      0.917 
A vs RP: <0.001*
R vs RP: <0.001*

Mono- and disaccharide
mean (SD)

117.8 (31.0) 121.0 (35.4) 152.8 (41.8) <0.001* A vs R:      0.922  
A vs RP: <0.001*
R vs RP: <0.001*

Polysaccharides
mean (SD)

151.0 (25.4) 144.69 (26.0) 152.0 (28.9)   0.288 A vs R:    0.545
A vs RP: 0.972
R vs RP: 0.255

* indicate an significant difference (p<0.005)
a normal distributed, calculated with one-way ANOVA.  
b Turkey’s post-hoc test 
c Schofield Equation in kj 
d adjusted for total energy intake

A: Active disease, g: grams, IBD: inflammatory bowel disease, IQR: inter quartile range, kj: kilojoule, SD: standard 
deviation,  R: remission, RP: reference population, UC: ulcerative colitis


