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ABSTRACT ARTICLE HISTORY
Background: Dietary recommendations in inflammatory bowel disease (IBD) are inconclusive, and Received 25 August 2023
patients may follow restrictive diets with increased risk of malnutrition. The aim of this study was to Revised 24 December

compare dietary intakes and nutritional status in men and women with newly diagnosed IBD with a 2023
. X . . ' 4 . o Accepted 25 January
general population sample, and to investigate whether intakes were in line with the Nordic Nutrition 2024

Recommendations. Methods: This was a cross-sectional study including adults> 40years with IBD from

the Inflammatory Bowel Disease in South-Eastern Norway (IBSEN) Il cohort study. A validated food KEYWORDS
frequency questionnaire (FFQ) was used in dietary data collection, and a sample from the seventh Inflammatory bowel
survey of the Tromsg Study was included as a comparison group. Results: A total of 227 men and disease; dietary
women with IBD were included. IBD patients had higher intake of grain products, sweetened beverages, ~ 25sessment; nutritional
energy, fat and polyunsaturated fat (PUFA), but lower intake of dairy products, alcohol and iodine Stjéz;’o f::adir:equency
compared to adults from the comparison sample (p<0.01). Intakes of saturated fat and carbohydrates gross—sectionall study
in both genders, and vitamin D in women were not within recommended levels. Anemia and

hypoalbuminemia were more prevalent in IBD patients than in the comparison sample. Conclusions:

Dietary intakes in newly diagnosed IBD patients were mostly in line with Nordic Nutrition

Recommendations. Higher proportion of IBD patients exceeded recommended allowances of fat and

added sugar than the comparison sample. Insufficient micronutrient intake, anemia and hypoalbuminemia

are present challenges in IBD patients that require monitoring.

KEY MESSAGES

Self-prescribed dietary restrictions in patients with inflammatory bowel disease (IBD) due to inconclusive
dietary guidance may influence their risk of malnutrition. Comprehensive assessment of both dietary
intake and nutritional status as early as time of diagnosis may help identify challenges in this patient
group and implement appropriate interventions.
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Introduction

There is a huge interest among patients and health profes-
sionals to identify beneficial dietary interventions in the man-
agement of inflammatory bowel disease (IBD) [1]. Recently,
some recommendations have emerged, but evidence sup-
porting them is inadequate leaving patients unsure and frus-
trated. A study on dietary behavior in IBD reported that
adults with Crohn’s disease (CD) and ulcerative colitis (UC)
believe dietary factors could worsen their symptoms and trig-
ger disease relapse, hence about two-thirds of them avoided
one or more food items [2].

Restrictive diets over time may result in inadequate food
intake and aggravate the risk of malnutrition posed by
inflammation-related factors such as malabsorption, loss of
nutrients and medical interactions [3,4]. Underweight and
nutrient deficiencies are well-documented features of IBD,
frequently occurring in newly diagnosed patients and during
active disease [4,5]. However, this picture is changing as the
prevalence of obesity (15-40%) in IBD patients is increasing [6].

Both under- and over-nutrition have been associated with
raised health costs due to risk of complications, hospitaliza-
tions and reduced treatment response [3,6]. Thus, it is of
interest to assess dietary intake and nutritional status in
newly diagnosed IBD patients to quantify possible challenges.
This can help optimize patient’s nutritional status, improve
the quality of life and develop future dietary interventions.

Currently, data on dietary intake and nutritional status in IBD
from the time of diagnosis are sparse [5,7], especially from
Norway. Dietary habits differ across countries, and findings from
different populations may not be directly comparable. Therefore,
the aim of this study was to compare 1) intakes of energy, macro
and micronutrients, and food groups and 2) nutritional status in
women and men with newly diagnosed IBD with a general pop-
ulation sample. Dietary intakes were also compared with the
Nordic Nutrition Recommendations 2012 (NNR2012).

Materials and methods
Study population

This is a cross-sectional study of dietary intakes and nutri-
tional status in patients with newly diagnosed IBD from the
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IBSEN 1ll (Inflammatory Bowel Disease in South-Eastern
Norway) study. The IBSEN Il study is a large (N=2168)
population-based inception cohort study conducted during
the period of 1 January 2017 to 31 December 2019 [8].
Participants from both genders and all age groups with sus-
pected symptoms in accordance with IBD were invited and
recruited through general practitioners, private centers and
hospitals in the Southeastern health region of Norway [8].
Exclusion criteria for this study were 1) No IBD diagnosis,
2) lacking dietary data, 3) implausible energy reporting and
4) age < 40years (Figure 1). Age limitation was included to
facilitate comparability to a sample (n=8251) from the
Norwegian general population: the 7th survey of the Tromsg
Study (Troms@7), where only adults > 40years were included
[9]. The Tromsg Study is a large ongoing population-based
cohort study with seven surveys to date. In Tromsg7, all
inhabitants of Troms@ municipality in Norway were invited, of
which 65% attended (N=21,083) during 14 March 2015 to 31
October 2016 [9]. Since we did not find any notable differ-
ences in diet between CD and UC, we combined them into
one group to increase sample size and statistical power. In
addition to the main analysis, we performed a Supplementary
analysis including all IBD patients (n=452, CD n=140 and UC
n=312) regardless of age to utilize all available data, and
assess any possible differences from the main analysis.

Ethical considerations

Both the IBSEN lIl study and Tromsg7 have been approved by
The Regional Committee for Medical and Health Research
Ethics in South-Eastern and Northern Norway (reference:
2015/946 and 2014/940, respectively). The IBSEN Il study was
also registered in clinicaltrials.gov (NCT02727959). A signed
consent was obtained from participants in both studies prior
to inclusion.

Data collection

Dietary data

During inclusion, all adult participants (=18years) in the
IBSEN Il study were asked to fill out a web-based food fre-
quency questionnaire (FFQ) covering intake for the preceding

Figure 1. Flow chart of the exclusion and inclusion criteria for IBD patients from the IBSEN IIl study and the Tromsg7 sample. IBSEN: Inflammatory Bowel Disease in
South-Eastern Norway; CD: Crohn’s disease; UC: ulcerative colitis; FFQ: food frequency questionnaire; IBD: inflammatory bowel disease; IBS: irritable bowel syndrome.
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year. The same FFQ was applied in Tromsg7, but adminis-
tered in article format and could be completed either upon
attendance or at home [9,10]. Both formats were developed
and evaluated at the Department of Nutrition, University of
Oslo and have been previously validated [11,12].

The FFQ consists of questions about 279 food items
including dietary supplements, subcategorized according to
Norwegian dietary habits [11]. It provides information about
the type, quantity and frequency of food consumed. Images
of portion sizes (in web-based version only) as well as house-
hold measures were used to simplify estimation for partici-
pants [11]. Information regarding how to answer the
questionnaire was given on the front page.

Dietary data were imported to the Dietary Calculation
Program (KBS version 7.4, Oslo, Norway) at University of Oslo.
A food database originating from the Norwegian food
Composition Table 2018 was used to compute intake of
energy (MJ/d), macro (g/d) and micronutrients (unit/d), as
well as food groups (g/d). Estimated micronutrient intakes
included reported dietary supplements. Dietary intakes in
Tromse7 were calculated using a food database from the
food composition table 2014-2015 [10].

To evaluate under- and over-reporting, we calculated the
resting metabolic rate (RMR) for each participant from IBSEN
Il study and Troms@7. Henry’s equations [13] were applied in
normal weight (BMI < 25kg/m?) and Mifflin's equation in
overweight (BMI > 25kg/m?) [14]. Since RMR is suggested to
be about 5% higher than basal metabolic rate (BMR) [15],
this fraction was subtracted from RMR for a more precise
BMR estimation. The energy intake (El) to BMR ratio was fur-
ther calculated, where El misreporting was estimated as in
previous publications [16,17] using Goldberg cut-offs [18]. A
cut-off < 1.08 was considered as under-reporting, 1.08-2.22
as plausible reporting, and> 2.22 as over-reporting.
Participants with EI/BMR ratio < 1.08 or > 2.22 were hence
excluded from analysis.

Background and clinical data

IBD diagnosis was set according to the Lennard-Jones Criteria
[19], and subcategorized using the Montreal classification
[20]. Background data were collected via an online question-
naire and included age, marital status, ethnicity, educational
level, smoking, snuff tobacco use and physical activity.
Questions about adherence to a specific diet (vegan,
lactose-free, etc.) the previous year were also included. Upon
clinical visit, health personnel registered the anthropometric
measures height and weight.

Blood and fecal samples

Collection of routine blood and fecal samples was carried
out in local hospitals according to standard procedures [8].
Blood values reflecting nutritional status; hemoglobin (Hb),
albumin, ferritin, serum 25-OH vitamin D and serum vitamin
B,, are reported in this article. Calprotectin in feces was
used as an inflammation marker to categorize patients
according to disease activity together with C-reactive
protein (CRP) [8].

Biochemical markers

The following definitions were used: anemia as Hb < 12mg/
dL in women and < 13mg/dL in men [21], iron deficiency
either as ferritin < 30ng/L [3] for inactive IBD (fecal calprotec-
tin < 250mg/kg and/or CRP < 4mg/L) [22,23] or < 100ng/L
[3] for active IBD (fecal calprotectin > 250mg/kg and/or CRP
> 4 mg/L) [22,23], hypoalbuminemia as albumin < 35g/dL
[24], vitamin D deficiency as 25-OH vitamin D levels <
50nmol/L [25] and vitamin B,, deficiency as serum levels <
200 pg/mL [26]. Iron deficiency was differentiated by disease
activity since it can be caused by inflammation [3].

Body mass index

BMI was calculated as body weight divided by squared height
(kg/m?). Underweight was defined as BMI < 18.5kg/m?, nor-
mal weight 18.5-24.9kg/m?, overweight = 25kg/m? and obe-
sity > 30kg/m? [3].

Statistics

Statistical analyses were performed using IBM SPSS, version
27 (IBM Corp, Armonk, NY). Categorical variables were pre-
sented as frequencies with proportions using the x? test. For
continuous variables, mean and standard deviation (SD)
were used if normally distributed data and median with
25th and 75th percentiles if not. Comparisons of the means
were performed by the t-test or the Mann-Whitney U test
as appropriate from data distribution. Given the proportion
of missing values was < 20% for almost all analyzed vari-
ables (Supplementary Table 1), no imputation of missing
data was performed and we only analyzed complete cases.
A two-sided p value < 0.01 was considered statistically
significant.

Results
Background and clinical characteristics

Clinical characteristics of the IBD study population (n=227,
50% women) according to CD and UC diagnoses are given in
Table 1. Background characteristics of the IBD study popula-
tion and the Tromsg7 sample (n=8251, 53% women) are pre-
sented in Table 2. A small proportion (9.2%) of IBD patients
reported following a specific diet.

Dietary intakes

FFQ response and energy misreporting

Of 1509 participants with confirmed IBD diagnosis initially
included in the IBSEN Il study, 699 (46.3%) completed the
FFQ. In Tromse7, 71.8% completed the FFQ. The proportion
of participants considered as under-reporters was 12% in
both IBD patients and Tromse7, whereas 22.2% of IBD
patients and 12% in the Tromsg7 sample were over-reporters.
There were more women, and participants with higher edu-
cation among IBD patients who completed the FFQ com-
pared to non-respondents (Supplementary Table 2).
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Energy and macronutrients
The intake of energy and macronutrients in IBD patients and
Tromsg7 sample are presented in Table 3. Compared to the
Tromse7 sample, IBD patients had higher intake of energy, fat, and
polyunsaturated fatty acids (PUFA) reflected in higher intake of
omega 6 and the omega6/3 ratio. However, alcohol intake was
lower in IBD patients. Men with IBD had higher intake of monoun-
saturated fatty acids (MUFA) compared to men in Tromsg7. Except
for carbohydrates and saturated fatty acids (SFA), intake of all mac-
ronutrients was within recommended allowances in IBD patients.
A higher proportion of IBD patients exceeded recommended
intake of fat and added sugar compared to the Tromsg7 sample
(Figure 2). The opposite was observed for alcohol.

Micronutrients

IBD patients had lower intake of iodine in comparison to the
Tromsg7 sample (Table 3). The intake of calcium and vitamin B,,
was lower in men with IBD, while women had higher intake of
folate compared to men and women in the Tromsg7 sample. All
micronutrients were within recommended levels, except for vita-
min D in women with IBD (<10ug/d). Estimations excluding sup-
plements showed an average intake of selenium below
recommended levels in IBD patients, apart from men with UC
(Supplementary Table 3).

Table 1. Clinical characteristics of IBD patients.
CD (n=82)

5 (2-10)
343 (147-976)

UC (n=145)

4 (1.4-7)
323 (77-1801)

CRP (mg/L)?

Calprotectin (mg/kg)*®

Montreal disease location CD, n (%)
L1 terminal ileum

L2 colon

L3 ileocolon

L4 upper Gl modifier 0 -
Montreal disease behavior CD, n (%)

B1 non-structuring, non-penetrating 6
B2 structuring 1
B3 penetrating

B4 perianal disease modifier

Montreal disease location UC, n (%)

E1 ulcerative Proctitis

E2 left-sided UC

E3 extensive colitis

Montreal disease severity UC, n (%)

SO clinical remission 1
S1 mild 5
S2 moderate 6
S3 severe 2

CD: Crohn's disease; UC: ulcerative colitis; CRP: C-reactive protein
Presented as median (25-75 percentiles); ®38% missing.

Table 2. Background characteristics of IBD patients and the Tromsg7 sample.
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Food groups and dietary supplements

The intake of different food groups is reported in Table 4. IBD
patients had higher intake of grain products other than bread and
sweetened beverages, and lower intake of milk and cream, cheese
and alcoholic beverages compared to the Tromsg7 sample.
Compared to women in Tromsg7, women with IBD had higher
intake of vegetables and lower intake of coffee. There were higher
intakes of multivitamins (24%), vitamin D (20%) and iron (8%) sup-
plementation in IBD patients compared to the Tromsg7 sample
(18%, 9% and 2%, respectively), with no differences regarding
omega 3, folate and vitamin B, C and E supplements.

Nutritional status

Figure 3 illustrates higher prevalence of anemia and hypoal-
buminemia in IBD patients compared to Tromsg7. Iron and
vitamin B,, deficiencies were present in 35% and 8% of IBD
patients, respectively. Blood indices of iron and vitamin B,,
were not available in Tromsg7. No difference was found
between the two populations regarding prevalence of under-
weight (0.4% in both) and obesity (19.7% in IBD patients and
21.9% in Troms@7, respectively).

Supplementary analysis

Results from the supplementary analyses (Supplementary
Tables 4-11) including all IBD patients confirmed our findings
from main analyses of dietary intake and nutritional status.

Discussion

To the best of our knowledge, this is the first study to
investigate both dietary intake and nutritional status in a
large population of newly diagnosed adults with IBD using
standardized and validated methods, and compared to a
sample from general population. According to our results,
dietary intakes and nutritional-related biochemical indexes
in newly diagnosed IBD patients may differ in some
aspects from the general population. Patients with IBD
had higher intake of grain products, sweetened beverages,
energy and fat, yet lower intake of milk and dairy prod-
ucts, alcohol and iodine. Also, the prevalence of anemia
and hypoalbuminemia was more common in IBD patients,
whereas suboptimal level of vitamin D was observed in
both populations.

Women Men
IBD Tromsg7 IBD Tromsg7

( =113) (n=4348) p-value ( =114) (n=3903) p Value
Age (years), mean (SD)? 2 (8.4) 57 (10.6) <0.001 3(10.2) 58 (11) <0.001
Height (cm), mean (SD)? 168 (0.1) 165 (0.1) <0.001 181 (0.1 178 (0.1) <0.001
BMI (kg/m?), mean (SD)? 7 (5.9) 26.7 (4.7) 0.57 265 (3.6 274 (3.7) 0.01
Higher education >12years, n (%) 2 (46.8) 2349 (54.9) 0.09 9 (53.2) 2036 (52.5) 0.89
Tobacco use, n (%)
Current smoker 10 (9) 550 (12.8) 0.23 6 (5.4) 427 (10.9) 0.06
Former smoker 64 (57.7) 1905 (44.4) 0.006 65 (57.1) 1754 (44.9) 0.01
Current snuff tobacco user 4 (3.6 124 (2.9) 0.68 29 (25.9) 411 (10.5) <0.001

fTested using independent samples t-test. Other p values were obtained using x? test. Statistically significant p-values in bold.

IBD: Inflammatory bowel disease; SD: standard deviation
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Table 3. Intake of macro- and micronutrients* in IBD patients compared to the Tromsg7 sample and Nordic nutrition Recommendations.

Recommendations

Women Men NNR2012
IBD (n=113) Tromsg7 (n=4348) p Value IBD (n=114) Tromsg7 (n=3903) p Value Women/men

Energy, MJ 3 (7.9-10.9) 8.4 (7.2-9.7) <0.001 11 3 (9.1-13.2) 104 (8.9-12.1) 0.009 -
Protein, E%? 181 (3) 17.8 (2.5) 0.26 7 (2.8) 17.3 (2.4) 0.16 10-20
Fat, E%? 36 1 (5.2) 34.7 (5.5) 0.005 7 (6.5) 34.1 (5.5) <0.001 25-40
SFA, E%? 3 (2.6) 12,6 (2.7) 0.09 13 4 (2.7) 124 (2.6) <0.001 <10
MUFA, E%? 13 5 (2.4) 129 (2.7) 0.03 13 9 (3.1) 12 5 (2.6 <0.001 10-20
PUFA, E%? 5 (1.6) 5.9 (1.5) <0.001 6 (1 6) 1(1.6) 0.003 5-10
Omega-3, E% 4 (1.1-1.8) 14 (1.1-1.8) 0.65 3 (1-1.7) 4 (1.1-1.8) 0.01 >1
Omega-3, g 3 (2.8-4.4) 3.2 (24-4.2) 0.04 8 (3-5.2) 4 (3-5.3) 0.36 -
Omega-6, g 11 9 (9.6-15.3) 9.7 (7.6-12.1) <0.001 146 (11 6 18.4) 121 (9.6-15.2) <0.001 -
Omega-6/3 ratio 5 (2.9-4.3) 3.1 (24-3.9) <0.001 7 (3.2-4.9) 1 (2.4-3.8) <0.001 -
Carbohydrates, E%? 41 8 (6.6) 42 (6.1) 0.73 42 2 (7.5) 42 5 (5.9) 0.64 45-60
Dietary fiber, g 28 6 (22.1-34.6) 26.8 (22-32) 0.05 27 5 (22.6-36.8) 27.6 (22.9-33.4) 0.42 25-35
Added sugar, E% 3 (3-8.3) 4.8 (3.2-6.7) 0.08 8 (3.5-9.2) 5(3.3-7.2) 0.06 <10
Alcohol, E% 6 (0.1-1.7) 1.9 (0.6-4.3) <0.001 1 (0.4-2.5) 2.7 (1-5.4) <0.001 <5
Alcohol, g 8 (0.5-5.2) 54 (1.8-12.5) <0.001 3 (1.5-9.4) 9.7 (3.7-19.6) <0.001 <10
Vitamin A, pg 1201 (903-1755) 1240 (917-1665) 0.93 1350 (971-1781) 1328 (985-1767) 0.93 700/900
Vitamin D, pg 8 (6.5-21) 10.1 (6.4-17.8) 0.36 1(8.2-21.3) 11.3 (7.9-18.8) 0.95 10
Vitamin E, mg 193 (13.9-29) 17.3 (12.8-25.4) 0.03 202 (15.7-30.2) 18.6 (13.8-26.8) 0.01 8/10
Thiamin, mg 9 (1.5-2.5) 1.8 (1.4-2.5) 0.07 9 (1.6-2.5) 1.9 (1.6-2.4) 0.69 1.1/1.4
Riboflavin, mg 4 (1.8-3.1) 2.4 (1.9-34) 0.34 6 (2-3.2) 2.8 (2.2-3.5) 0.005 1.3/1.7
Niacin, mg 27 2 (21.7-35.3) 23.2 (18.4-30.9) <0.001 301 (22.8-37) 26.6 (21.7-32.9) 0.003 15/18
Vitamin B, mg 2 (1.7-3.2) 1.8 (1.4-2.5) <0.001 2 (1.7-2.7) 2 (1.6-2.4) 0.1 1.2/1.5
Folate, pg 366 (281-474) 322 (258-406) 0.002 335 (273-424) 333 (274-409) 0.55 300P
Vitamin B,,, pg 1 (5.5-8.8) 7.1 (5.7-8.9) 0.87 7.8 (6.2-10.2) 8.9 (7-11) <0.001 2
Vitamin C, mg 168 (106-223) 147 (103-202) 0.05 122 (81.7-187) 122 (85-176) 0.86 75
Calcium, mg 928 (679-1170) 982 (761-1253) 0.02 960 (725-1234) 1166 (898-1484) <0.001 800
Iron, mg 11.6 (9.5-14.7) 10.2 (8.5-12.8) <0.001 12.6 (9.9-15.5) 11.4 (9.4-13.8) 0.005 15 (99 /9
Magnesium, mg 399 (344-472) 362 (307-439) 0.1 427 (350-527) 440 (371-520) 0.19 350
Zinc, mg 134 (10.4-17.4) 11.1 (9.6-13.3) <0.001 15.6 (12.7-19.7) 13 7 (11.4-16.5) <0.001 7/9
Selenium, ug 1 (49.5-79.5) 55 (44-72) 0.009 67 5 (53.7-88.2) 8 (55-84) 0.76 50/60
Phosphorus, g 7 (1.4-2.1) 1.7 (1.4-2) 0.17 9 (1.5-2.3) 2 (1.7-24) 0.05 0.6
lodine, mg 214 (153-294) 254 (189-333) <0.001 220 (151-308) 305 (232-398) <0.001 150

*Micronutrient intakes including dietary supplements. Presented as mean with standard deviation (SD) and tested using independent sample t-test. Other
data presented as median (25-75 percentiles). "Recommendation for women not in reproductive age; ‘Recommendation for postmenopausal women.
Statistically significant p-values in bold.
IBD: inflammatory bowel disease; NNR2012: Nordic Nutrition Recommendations 2012; MJ: mega joule; E%: energy percent; SFA: saturated fatty acids; MUFA:
monounsaturated fatty acids; PUFA: polyunsaturated fatty acids

Figure 2. Percentage of IBD patients (n=227) and the Tromsg7 sample (n=8251) with intakes not in line with recommendations. *Significant difference between
IBD and Tromsg7. IBD: inflammatory bowel disease. E%: energy percent; SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated

fatty acids.

Energy intake and misreporting

The El in this study was higher in IBD patients than in the
Tromsg 7 sample, which may relate to them being taller or

having an

inflammatory disease.

Energy

requirements

increase proportionally with the amount of fat free mas in
the body [15]. Geerling et al. found larger quantity of fat
free mass in CD patients compared to controls that they
explained by a higher body length [7]. For IBD, available evi-
dence suggests the energy requirements in patients with no



Table 4. Median daily intake of food groups (g/d) in
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IBD patients compared to the Tromsg7 sample.

Women Men

IBD (n=113) Tromsg7 (n=4348) p Value IBD (n=114) Tromsg7 (n=3903) p Value
Bread 138 (74.3-168) 120 (88-160) 0.55 174 (102-246) 166 (125-212) 0.19
Other grain products 74.4 (37.2-130) 46.9 (22-81.2) <0.001 68.6 (35-124) 6 (21-90) <0.001
Vegetables 296 (171-401) 222 (147-317) <0.001 199 (112-284) 170 (105-252) 0.05
Fruit and berries 285 (153-447) 286 (182-423) 0.61 251 (142-448) 270 (162-422) 0.85
Milk and cream 176 (61.7-377) 316 (158-513) <0.001 223 (67.7-414) 445 (226-704) <0.001
Milk 57 (2-300) 200 (0-400) <0.001 143 (2-302) 400 (200-600) <0.001
Cheese 20 (10-32.5) 30.1 (17.1-48.4) <0.001 16.8 (7.7-37.1) 26.6 (14.1-45.1) <0.001
Beverages 2077 (1484-2784) 1842 (1435-2483) 0.08 2093 (1464-2731) 1875 (1426-2539) 0.3
Coffee 409 (48.7-881) 684 (400-900) 0.002 878 (174-902) 800 (449-1200) 0.15
Alcoholic beverages 36 (9-64.5) 6 (22-149) <0.001 60.6 (32.3-166) 154 (57-306) <0.001
Sugar sweetened 5 (0-36) 0 (0-14) <0.001 27.5 (5-150) 0 (0-42) <0.001
Artificial sweetened 57 (2-371) 0 (0-56) <0.001 37 (5-357) 0 (0-70) <0.001

IBD: inflammatory bowel disease

Figure 3. Percentage of IBD patients (n=227) and the Tromsg7 sample (n=8251) with suboptimal nutrition-related blood indices. *Significant difference between
IBD and Tromsg7, anemia: 99% Cl for IBD (0.08, 0.19) and Tromsg7 (0.03, 0.04), hypoalbuminemia: 99% Cl for IBD (0.02, 0.11) and Troms@7 (3.62% 107, 0.005).

IBD: inflammatory bowel disease.

critical symptoms (sepsis and fever) to be similar to healthy
adults [27,28].

Misreporting of El is a challenge in dietary research, which
could impede the interpretation of results and its associa-
tions with health-related outcomes [29]. Available studies
mainly addressed under-reporting and found high prevalence
in different populations. However, over-reporting is also of
interest as it represents another source for bias in nutrition
assessment, and may be influenced by social desirability
regarding healthy food [29].

Limited data exist on misreporting in IBD populations. In
Opstelten et al. 12-20% of adults with longstanding IBD
were considered as under-reporters, but only 1% as
over-reporters [17]. The prevalence of under-reporting in
IBD patients in this study was similar to that found in
Opstelten et al. and the Tromsg7 sample. Still, the rate of
over-reporting was about twice as high. This can be
explained by our definition of over-reporting based on an
estimated BMR or the recent IBD diagnosis in our study
population. Any reduction or modification of dietary intakes
following diagnosis could have influenced patients to
over-report what they ate the previous year.

Macronutrients

The intake of fat was higher in IBD patients than the Tromsg7
sample, in particular PUFA and omega-6 in both genders and
MUFA in men. Our findings differs from those in Geerling
et al. who found no difference in fat intake between IBD
patients and controls, except for lower PUFA intake in CD
patients [7]. Fat intake and its metabolism in IBD patients
have received much interest, especially regarding the pro-
posed role of PUFAs in inflammation [30]. Despite acting like
precursors to pro-inflammatory cytokines [31], both epidemi-
ological studies and RCTs have failed to establish an associa-
tion between omega-6 PUFAs and inflammation [32,33]. Still,
Ferreira et al. reported an interaction between high intakes of
fat (including its subtypes) as well as elevated omega-6/3
ratio and more CD activity in specific genotypes [34].

Mean intake of SFA in the IBD population exceeded recom-
mendations. The same was seen in the Tromsg7 sample and is
also confirmed by results from the latest Norwegian dietary
survey (Norkost 3), which suggests a similar trend in the gen-
eral population [35]. Nevertheless, we did not expect that more
adults with IBD would exceed recommended intakes (E%) of
fat and added sugar compared to the Tromsg7 sample.
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Micronutrients and food groups

Average micronutrient intakes in this study met recom-
mended levels, except for vitamin D in women. However,
iodine intakes were significantly lower in IBD patients com-
pared to the Tromsg7 sample, which can relate to the
observed lower consumption of milk and dairy products.
These foods are also sources of calcium and vitamin B,, [15]
that men with IBD had lower intakes of compared to men in
the Tromsg7 sample. It is worth noting that even though
some differences in intakes between the two populations
were statistically significant, they were probably too small to
have clinical relevance. Insufficient calcium intake was previ-
ously described in patients with recent UC diagnosis, but
iodine intake was not reported in that study [7]. Calcium and
vitamin D are key nutrients for optimal bone health and ade-
quate bone mineralization [3]. Insufficient calcium and vita-
min D intake may exacerbate the risk of fractures and
osteoporosis already existing in IBD patients [3,4]. Restriction
of calcium rich food should be limited to those with allergies
or intolerances, and nutritional advice about good alternative
products should be provided. The higher reported use of
vitamin D, iron and multivitamin supplementation in IBD
patients did not result in higher intakes of micronutrients
compared to the Tromsg7 sample. Supplements may still
help patients reach recommended levels of micronutrient
intakes, as we observed average selenium intake to be within
recommended levels only when supplements were included
in the assessment.

Fatty, processed and sweet foods, carbonated beverages, milk
and dairy, coffee and alcohol are some classic foods described by
patients to worsen symptoms and trigger flares [2]. Lower intake
of alcoholic beverages, milk, cheese and coffee (in women) in
our study sample may reflect some restrictive food behavior as
often seen in IBD patients. This could be present despite that
only 12% of our patients stated to follow a specific diet. We
could possibly have obtained a better estimation of food restric-
tive behavior in our study sample if we have used questions
about restricting or avoiding foods.

Our findings are in line with Geerling et al. regarding alcohol,
as they also reported lower consumption in CD, but not UC
patients [7]. Both alcoholic beverages and dairy products are
sources to Sulphur derivatives [36]. Jowette et al. found increased
risk of UC relapse related to high intake of Sulphur and its food
sources, but their findings were limited by incomplete Sulphur
data and a subjective relapse definition [36].

Nutritional status

IBD patients presented with more anemia and hypoalbumin-
emia than the Tromsg7 sample. Geerling et al. previously
reported IBD patients with recent diagnosis to have lower
albumin concentrations compared to controls [7]. Another
study observed insufficient levels of one or more micronutri-
ents in 78% of patients with IBD [5], but they did not include
Hb data. The proportions of our study sample with iron defi-
ciency and suboptimal vitamin D and B,, levels are lower
than those observed in Gold et al. which could be explained
by use of different cut-offs [5]. Anemia can result from either

deficiencies in iron, folate or vitamin B,,, chronic inflamma-
tion, and/or medication [3,4]. Thus, the likelihood of micronu-
trient deficiencies may be related to prolonged active disease
characterized by bleeding, diarrhea, fistulae formation and
reduced absorptive surface due to intestinal resection [3].

Vitamin D deficiency may be a general challenge in the
Norwegian population since no difference was found between
IBD patients and the Tromsg7 sample. Northern latitude and
low sun exposure in winter could explain part of this, and
intake through diet and supplements should therefore be
encouraged [3]. According to the European Crohn’s and
Colitis Organization, there is inconclusive evidence support-
ing use of micronutrient supplementation for remission
induction in IBD, but regular monitoring of patients to pre-
vent deficiencies should be conducted [37].

The prevalence of both underweight and obesity was sim-
ilar in IBD patients and the Tromsg7 sample. Unexpectedly,
the prevalence of obesity in IBD patients was higher com-
pared to underweight, which has been widely reported to
occur in IBD [4,5]. What comes first of IBD and obesity is not
fully understood as available data is still conflicting [6]. The
observed increase of obesity in IBD patients mirror the global
pandemic seen in the general population. However, preclini-
cal research proposed a link between IBD and obesity devel-
opment explained by altered intestinal microbial environment,
but this still needs to be studied [6].

Strengths and limitations

The large sample size, estimation of energy misreporting and
comparison with a Norwegian general population is strengths
of this study. Moreover, we used a validated comprehensive
FFQ capturing the whole diet. The study also has some limita-
tions. First, as discussed previously, the issue of misreporting is
high in FFQs due to reliance on participant’s memory and lit-
eracy skills [38]. Still, the FFQ is both cost and time saving
making it a first choice in epidemiological studies with large
populations as this study [38]. Validation studies of this FFQ
showed that it provided valid estimations of habitual dietary
intakes at group level in healthy Norwegian adults [11,12].

Second, different food databases and FFQ administration
formats (web-based versus article-based) were used in IBSEN
Il and Troms@7. A web-based FFQ may reduce the working
burden associated with article handling, probability of miss-
ing data and time consumption [38]. The proportion who
returned the FFQ in Tromsg7 was nevertheless higher, which
could be due to the possibility to complete the FFQ on site.
In addition, a paper questionnaire could be easier to remem-
ber and fill out anywhere, whereas internet access is neces-
sary for the web-based version. The food database we used
was an updated version of a former applied in Tromsg7, and
it contained portion illustrations. Minor differences in food
quantity estimations as well as some inequalities in nutrient
values may therefore be present. These inequalities could
also be due to dissimilarity in age between IBD patients and
the Tromsg7 sample.

Third, the population from Troms@7 is inhabitants of a Northern
Norwegian mainly urban area, while IBD patients are from the



entire Southeast of Norway including both urban and rural areas.
Regional differences in food traditions and intake may exist, and
results from the Norkost 3 survey confirm this [35]. Still, it is con-
sidered that the population of Tromsg may be comparable to
populations from the same age range elsewhere in Norway [10].
To ensure that the populations from Tromsg7 and the IBSEN III
study were as comparable as possible, we performed a comple-
mentary data handling regarding misreporting of El and included
only IBD patients > 40years in the main analysis.

People who participate in epidemiological studies and com-
plete questionnaires may not be representative for the population
on which the study population is drawn [39]. There were no differ-
ences between the sample of participants included in analyses and
those not included (Supplementary Table 2), also when compared
according to age<or > 40years. However, some differences (sex
and education) exist between participants with and without dietary
data in this study, which may affect the external validity. Thus, our
findings may reflect the diet of IBD patients under 40years of age
but not of those who are males, or have lower education.

In conclusion, dietary intakes in newly diagnosed IBD patients
were overall in line with Nordic Nutrition Recommendations.
Excess intake of fat and added sugar, insufficient intakes of some
micronutrients together with suboptimal blood levels of
nutrition-related biomarkers were present. In future studies from
IBSEN I, we will investigate how intake of added sugar and fat
(omega-6 fatty acids in particular), and malnutrition may influ-
ence IBD outcomes. To prevent development of and correct
existing deficiencies, health care should include dietary guidance
to ensure adequate intake of calcium, iodine, iron and vitamin D
including supplement use when necessary.
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