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Abstract

Objective: Nutrition plays a role in the development of Crohn'’s disease [CD] and ulcerative colitis [UC]. However, prospective data on nutrition
and disease onset are limited. Here, we analysed dietary patterns and scores in relation to inflammatory bowel disease [IBD] development in a
prospective population-based cohort.

Methods: We analysed 125 445 participants of whom 224 individuals developed de novo UC and 97 CD over a maximum 14-year follow-up
period. Participants answered health-related [also prospectively] and dietary questionnaires [FFQ] at baseline. Principal component analysis
[PCA] was conducted deriving a-posteriori dietary patterns. Hypotheses-based a-priori dietary scores were also calculated, including the protein
score, Healthy Eating Index, LifeLines Diet Score [LLDS], and alternative Mediterranean Diet Score. Logistic regression models were performed
between dietary patterns, scores, and IBD development.

Results: PCA identified five dietary patterns. A pattern characterised by high intake of snacks, prepared meals, non-alcoholic beverages, and
sauces along with low vegetables and fruit consumption was associated with higher likelihood of CD development (odds ratio [OR]: 1.16, 95%
confidence interval [Cl]: 1.03-1.30, p = 0.013). A pattern comprising red meat, poultry, and processed meat, was associated with increased like-
lihood of UC development [OR: 1.11, 95% CI: 1.01-1.20, p = 0.023]. A high diet quality score [LLDS] was associated with decreased risk of CD
[OR: 0.95, 95% CI: 0.92-0.99, p = 0.009].

Conclusions: A Western dietary pattern was associated with a greater likelihood of CD development and a carnivorous pattern with UC devel-
opment, whereas a relatively high diet quality [LLDS] was protective for CD development. Our study strengthens the importance of evaluating
dietary patterns to aid prevention of IBD in the general population.

Key Words: Inflammatory bowel disease [IBD]; dietary patterns; principal component analysis [PCA]; dietary scores; Protein Score; Healthy Eating Index
[HEI]; LifeLines Diet Score [LLDS]; Alternate Mediterranean Diet Score [aMED]

1. Introduction correlation between the intake of animal protein and IBD
onset.® In contrast, a Mediterranean diet, which is widely
considered a healthy dietary pattern with anti-inflammatory
effects, has been associated with a significantly lower risk of
later onset CD.”

Whereas nutrients and single food items often are of interest
in studies investigating specific diet-disease relationships, it
should be recognised that these elements likely act synergis-
tically or antagonistically as part of a large matrix i.e., habit-
ual diet.® Therefore, it is believed that dietary patterns have
great clinical implications’ and should be studied in large
longitudinal population-based cohorts to assess their role in
disease development. Principal component analysis [PCA] is
a data-driven dimensionality-reduction method used to iden-
tify such a-posteriori dietary patterns, explaining most of the
habitual intake variety among individuals in a given popu-

Crohn’s disease [CD] and ulcerative colitis [UC], together re-
ferred to as inflammatory bowel disease [IBD], are chronic
inflammatory disorders of the intestine. It is hypothesized that
IBD is triggered and maintained by environmental factors,
including diet, in genetically predisposed individuals with gut
dysbiosis and an aberrant immune response.' The exact inter-
play between those pathophysiological factors is unknown.?
Nutrition, through its interactions with immunity, host
barrier function, and the gut microbiota, plays a key role
in the pathogenesis of IBD.> A Westernised lifestyle has
been suggested to contribute to the rising incidence of IBD
in developing countries.* This is supported by functional
studies showing an increase in intestinal inflammation upon
administration of saturated fat, cholesterol, or food addi-
tives,® as well as by retrospective cohort studies showing a
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lation. In recent years, this method has become of interest
in the nutritional field. Another method to associate overall
dietary intake with health outcomes is a-priori defined diet-
ary scores, which are based on hypotheses of food items being
harmful or beneficial and score the adherence to targeted diet-
ary recommendations.®”! Here, we focus on four previously
published dietary scores: the Protein Score,!! LifeLines Diet
Score [LLDS],'? Healthy Eating Index [HEI],'* and alternative
Mediterranean diet score [aMED].'

In this study, using the LifeLines Cohort Study'> which pro-
spectively follows 167 729 participants for a minimum of
30 years, we have the unique opportunity to study habitual
diet and the development of IBD. We use both a-posteriori
identified dietary patterns [data-driven method] and a-priori
dietary scores [target-driven method]'® and link these to the
development of IBD. This will generate knowledge of dietary
patterns involved in disease development, which can poten-
tially contribute to prevention of these disorders in the future.

V. Peters et al.

2. Methods and Materials

2.1. Cohort description

LifeLines” is a multidisciplinary prospective population-
based cohort study examining in a unique three-generation
design the health and health-related behaviours of 167 729
persons living in the north of The Netherlands. It employs
a broad range of investigative procedures in assessing bio-
medical, sociodemographic, behavioural, physical, and psy-
chological factors contributing to health and disease of the
general population. For the present study, dietary informa-
tion was available for 144 091 participants Figure 1. We
excluded participants with age <18 years, implausible Food
Frequency Questionnaire [FFQ] data (males <800 or >3934
kcal/day [97.5th percentile], females <500 or >2906 kcal/day
[97.5th percentile]),'” missing data (i.e., missing body mass
index [BMI], smoking status, or LLDS), and individuals who
already suffered from UC and/or CD at baseline.

Lifelines cohort

Available sample:
n=167729

Diet questionnaire

Missing questionnaires:

h 4

n=23638

Present study

Dietary scores
(Protein, HEI, LLDS*, aMED):
n =144 091

Quality check

Implausible intake:

A 4

v

n=17 346**

Principal component analysis (PCA)

Selected:
n=126 745

Excluded*** (n = 1300)

Missing data:
1. Health info: 7 = 202
2.BML:n =72

4

v

3. Smoking: 7 = 68
4. IBD at baseline: 7 = 958

Regression analysis (n = 125.445)

Excluded**** (n = 581)

IBD-developers:
UC: n =224
CD:n =97

Non-developers:
n=125.124

LLDS missings:
Non-developers: 7 = 579

IBD-developers: 7 = 2

Figure 1. Flowchart of LifeLines participant inclusion. Description: *Only 129 364 LLDS available. **Implausible intake = overall intake for males <800
or >975% kcal/day and for females <500 or >975% kcal/day. ***Filtering is done sequentially [1 to 4], categories are not mutually exclusive. ****QOnly
excluded when analysing LLDS. n, number; HEI, Healthy Eating Index; LLDS, LifeLines Diet Score; aMED, alternative Mediterranean score; PCA,

principal component analysis; UC, ulcerative colitis; CD, Crohn’s disease.
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2.2. Data collection and processing

2.2.1. Disease development data

LifeLines participants reported via multiple questionnaires if
they suffer from IBD (baseline assessment 1A [2007-2014],
1B [2011-2015], 1C [2012-2016], 2A [2014-2018], and 3A
[2019-2023]) The maximum follow-up time was 14 years.
Participants who reported absence of IBD at baseline and re-
gistered IBD de novo at any follow-up assessment were clas-
sified as either ‘UC developer’ or ‘CD developer’. Participants
who reported absence of disease at baseline and during every
follow-up measurement were classified as ‘non-IBD develop-
ers’. In case of insufficient or missing data on disease devel-
opment, participants were regarded as non-IBD developers.
In addition, information on potential covariates such as age,
sex, BMI, and smoking status [current, former, or never| was
retrieved from the LifeLines database.

2.2.2. Dietary data

A semi-quantitative FFQ, which was developed and val-
idated by the division of Human Nutrition of Wageningen
University,'$! was used to assess habitual dietary intake. The
FFQ was administered from 2007 to 2014 [baseline meas-
urement 1A]. Intake over the previous month functioned as a
reference period. Intake was reflected in scoring the frequen-
cies of consumption on a four- or seven-item scale along with
the usual amount taken. Portion sizes were estimated using
natural portions and commonly used household measures.
Reported frequencies of consumed food items were linked
to the Dutch food composition table [NEVO 2011, RIVM
Bilthoven, The Netherlands] to calculate individual mean
intake of the reported macronutrients and 110 food items.
Food items were grouped into 22 food groups Table $1, avail-
able as Supplementary data at ECCO-JCC online.

2.2.3. Statistical analyses

All statistical analyses were performed using R [v 3.3.2].
Analyses were corrected for gender, age, BMI, and smoking,
and a two-sided p-value of <0.05 was considered significant.

2.2.4. Descriptive statistics

Baseline characteristics and dietary intake were presented as
mean and standard deviation [SD] for continuous variables and
as number and percentages for categorical variables. Between
UC developers, CD developers, and non-developers, continuous
data were compared using a linear model where the continu-
ous feature acted as a dependent variable and the group as ex-
planatory. An overall p-value for the group effect was obtained
using a likelihood ratio test between the described model and a
null model without group as a covariate. Categorical data were
tested by a chi square test [IBD developers vs non-developers].

2.3. Dietary pattern analysis

2.3.1. Principal component analysis [PCA]

PCA, a form of factor analysis, creates sequential linear com-
binations of food groups to explain the maximal amount of
variance in a correlation matrix [i.e., overall diet of individ-
uals]. Single scores are generated for each ‘component’ as the
sum of the products of the strength of the correlation of each
food group, with the overall intake reported by the individ-
ual. These scores [continuous variables] enable ranking of in-
dividuals based on the extent to which they consume foods
from groups that are highly weighted in the component. '

PCA was conducted with orthogonal [varimax] rotation on
22 standardised food groups [Z-scores] to extract a-posteriori
identified dietary patterns.?> Hence, optimal interpretability
of the extracted components [dietary patterns] was obtained.
Before analysis, suitability of the data was checked using a
correlation matrix, Bartlett’s Test of Sphericity and the Kaiser—
Meyer—Olkin test. Coefficients with absolute values above 0.3
or below -0.3 were considered relevant. Scree plots and in-
terpretability criteria were used to determine the number of
patterns to retain. Subsequently for each participant, a factor
score [rotated component] per dietary pattern was calculated
as the sum of the food group weighted by the factor loadings.
Food items may be correlated to several identified dietary
patterns and these dietary patterns are not mutually exclu-
sive. Since PCA is sensitive to outliers, an additional robust
PCA analysis with varimax rotation was performed to check
whether the results could be confirmed,* using the same as-
sumptions. The R package psych 1.8.12 was used to conduct
PCA with orthogonal [varimax] rotation, as for Bartlett’s Test
of Sphericity and the Kaiser-Meyer—Olkin test.>* Robust PCA
was performed using R package pracma v. 2.2.9.%

2.3.2. A-priori dietary scores

Four hypothesis-based dietary scores were calculated to
allow comparison with previous studies. The Protein Score
is based on the hypothesis that a higher overall protein in-
take with a higher intake of plant-derived protein relative to
animal derived protein, is associated with improved health
outcomes, including a lower likelihood of developing IBD.*!!
The LifeLines Diet Score [LLDS] is a population-specific diet
quality score that has been based on top-10 most prevalent
diseases.'> Moreover, we calculated internationally used diet
quality scores, the Healthy Eating Index [HEI]" and the [al-
ternative] Mediterranean diet score [aMED].'* Calculations
were conducted according to procedures mentioned in litera-
ture.!>132627 Application and modification of scores are de-
scribed in the Table S2, available as Supplementary data at
ECCO-JCC online.

2.4. Logistic regression analysis

To determine whether higher adherence to the identified diet-
ary patterns or dietary scores is associated with IBD develop-
ment during follow-up, multiple logistic regression analysis
was conducted correcting for clinical confounders (gender,
age, BMI, and smoking behaviour [as categorical variable:
current smoker, former smoker, never smoked]). All dietary
patterns extracted from PCA were included in one model;
another model included all dietary patterns extracted from
robust PCA. Each dietary score individually formed a model.
Odds ratios [OR] with 95% confidence interval [95% CI],
for the association between adherence to the derived dietary
patterns or dietary scores and disease development, were cal-
culated. The regression analysis was performed using the glm
R function.

2.5. Ethical considerations

LifeLines was approved by the medical ethical commit-
tee of the University Medical Centre Groningen. From
all individuals, written informed consent was obtained.
The study is conducted in accordance with the principles
of the Declaration of Helsinki and the UMCG research
code. The data underlying this article can be shared on
reasonable request; a proposal can be submitted to the
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LifeLines Research Office [research@lifelines.nl]. Detailed
information on all collected variables within the LifeLines
cohort can be found in the catalogue [https://catalogue.

lifelines.nl/]. The results are reported according to the
STROBE-NUT checklist.?®

3. Results

3.1. Cohort characteristics

In total 167 729 individuals participated in LifeLines, of
whom 126 745 participants were selected for PCA; 125 445
samples were eligible for further analyses through logistic re-
gression analysis Figure 1. The exclusion of participants was
discussed in detail in the Methods section. Of these parti-
cipants, 97 developed CD [0.08%] and 224 developed UC
[0.18%]. The prevalence of IBD in our sample was 0.89%,
which is comparable to previous reports from Western popu-
lations.*

Participants had a mean age of 44.8 = 13.1 years, a BMI
of 26.0 = 4.3 kg/m?, 58.5% [n = 73 568] were females, and
19.2% [n = 24 069] were current smokers Table 1. When
comparing CD developers with non-developers, no differ-
ences were found. UC developers were also compared with
non-developers. We found a higher mean age [47.3 = 13.1
vs 44.8 + 13.1 years] and a lower percentage of smokers
[11.6% vs 19.2%]. When comparing UC developers with
CD developers, we reported a higher age [47.3 = 13.1 vs
43.8 = 15.0 years] and a lower percentage of smokers [11.6%
vs 25.8%].

3.2. Assessment of habitual dietary intake

Table 2 shows the habitual dietary intake of participants.
Mean energy intake of all participants was 2017 = 569 kcal
per day. Compared with UC developers and non-developers,
CD developers consumed more non-alcoholic beverages
[207 = 213, 210 = 217 vs 293 = 301 g/day]. Furthermore,
UC developers had a higher intake of vegetables than non-
developers [113 + 59.7 vs 103 = 57.9 g/day].

Table 1. Demographic and clinical characteristics of Lifelines participants.

V. Peters et al.

3.3. Dietary pattern analysis

The dietary data was found to be likely factorisable [Bartlett’s
Test: p <0.001, Kaiser—-Meyer—Olkin test: 0.69]. Subsequently
PCA was performed, identifying five dietary patterns explain-
ing 10.8%, 8.7%, 7.5%, 7.4%, and 7.3%, respectively, [cu-
mulative 41.8%] of total dietary variance Table 3. The first
pattern was characterised by high intakes of cooking oils
and fats, grain products, potatoes, sugar, cakes, confection-
ery, condiments and sauces, dairy, and processed meat. The
second dietary pattern revealed high intake of snacks, pre-
pared meals, non-alcoholic beverages, condiments and sauces,
along with low vegetables and fruit consumption. The third
pattern reflected high consumption of red meat, poultry, and
processed meat; and the fourth was characterised by high in-
take of coffee and alcoholic beverages and a low intake of
tea. The fifth pattern was characterised by high intake of fish,
eggs, nuts, vegetables, legumes, alcoholic beverages, soups,
and fruits.

Furthermore, the additional robust PCA analysis with
varimax rotation Supplementary Table S3, available as
Supplementary data at ECCO-JCC online identified five pat-
terns. Those robust patterns were comparable, although the
third and fifth patterns seemed to be reversed to the PCA or-
thogonal [varimax] rotation analysis Supplementary Figure
S1, available as Supplementary data at ECCO-JCC online.
Since the robust PCA confirmed similar patterns, all five pat-
terns were used for regression analysis.

3.4. Logistic regression analysis

Of the five identified dietary patterns, the second pattern
Table 4, characterised by high intake of snacks, prepared
meals, non-alcoholic beverages, condiments, and sauces
along with low vegetables and fruit consumption which
is in accordance with a ‘Western’ pattern, was associ-
ated with participants newly reporting CD development
[OR: 1.16, 95% CI: 1.03-1.30, p = 0.013]. This associ-
ation was not confirmed when analysing the second robust
dietary pattern [OR: 1.20, 95% CI: 0.96-1.50, p = 0.100]

Complete sample [as used in PCA]

Selection® [as used in regression]

Complete sample Non-developers CD developers UC developers p-value®
n=126745 n=125124 n=97 n=224
Demographic characteristics
Sex [% female] 73568 [58.5] 73363 [58.5] 63 [64.9] 142 [63.4] 0.060
Age [years] 44.8 = <13.1 44.8 £ 13.1 43.8 £15.0 473 +13.1 0.013%, **
Height [cm] 175 £9.36 175 = 9.36 173 = 10.1 173 £9.05 0.021%**
Weight [kg] 79.7 £ 15.2 79.7 £15.2 77.1 = 13.9 80.1 = 16.3 0.219
BMI [kg/m?] 26.0 = 4.30 26.0 = 4.29 25.66 =4.13 26.6 = 4.94 0.109
Smoking [%]
Never smoked 97962 [78.0] 97696 [78.0] 72 [74.2] 194 [86.6]
Former smoker 3512 [2.8] 3508 [2.8] 0 [0] 4[1.8] 0.004*
Current smoker 24120 [19.2] 24069 [19.2] 25[25.8] 26 [11.6]

Statistics are performed using a linear regression for continuous variables and chi square test for categorical variables. Values are reported as mean =

standard deviation [SD] or number [%] when appropriate.

BMI, body mass index; CD, Crohn’s disease; UC, ulcerative colitis; PCA, principal components analysis..
“Participants who did not suffer from inflammatory bowel disease [IBD] at baseline.

"Comparison between non-developers, CD- and UC-developers.
Significant p-value <0.05 (indicated in bold); *CD vs UC; **healthy vs UC.
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Table 2. Habitual dietary intake of IBD patients.

Complete sample [as used in PCA] Selection® [as used in regression]

Complete sample Non-developers ~ CD developers ~ UC developers  p-value®

n=126745 n=125124 n=97 n =224 n=125662
Macronutrient intake
Energy intake [Kcal] 2017 = 569 2018 + 590 2052 = 600 2012 = 540 0.831
Total protein [g/day] 74.0 = 19.4 74.0 £ 19.4 73.7 +21.1 75.1+19.2 0.706
g/kg 0.95+0.27 0.95 +0.276 0.98 = 0.28 0.96 = 0.28 0.435
Plant protein [g/day] 30.9 9.9 30.9 £9.92 30.3+10.1 31.2 £ 10.1 0.775
g/kg 0.40 = 0.13 0.40 = 0.13 0.40 = 0.13 0.40 = 0.14 0.863
Animal protein [g/day] 43.2+13.6 43.2+13.6 43.5+15.2 44.0 = 13.1 0.671
g/kg 0.55+0.18 0.397 + 0.3 0.40 = 0.13 0.40 = 0.14 0.863
Total fat [g/day] 79.8 +27.3 79.8 £27.3 81.6 = 26.9 80.3 =26.8 0.773
En% 35.3+5.00 35.3+4.98 35.7 +4.98 35.6 £5.14 0.454
Carbohydrates [g/day] 227 + 69.3 226 +69.3 232 +£75.6 223 +66.3 0.563
En% 44.9 = 4.66 449 + 5.62 45.0 = 5.90 44.5 + 5.68 0.543
Alcohol<[g/day] 7.17 = 8.84 7.17 = 8.84 6.44 = 8.09 6.69 = 8.69 0.510
En%¢ 2.48 £2.99 2.48 +2.98 222 £2.67 2.28 £2.97 0.427
Food group intake [g/day]*
Alcoholic beverages 100 = 146 100 = 146 79.8 = 113 90.9 = 129 0.255
Coffee 417 = 280 419 + 280 395 + 328 421 = 266 0.713
Condiments and sauces 33.5+22.5 33.5+22.5 341232 324 +194 0.761
Cooking oils and fats 23.0 £16.3 22.9+16.3 22.8+17.0 23.1 = 16.0 0.967
Dairy 330 = 12.2 330 =192 329 =221 327 + 191 0.969
Eggs 13.9+ 143 13.9+14.2 132113 14.4 = 15.6 0.769
Fish 12.4 = 12.8 12.4 +12.8 12.6 = 13.1 123 +11.9 0.961
Fruits 137 = 111 137 = 111 161 =115 135 £95.8 0.409
Grain products 189 = 80.6 189 = 80.6 179 = 80.1 187 = 81.4 0.539
Legumes 9.7+ 15.5 9.68 = 15.5 9.16 = 11.5 10.1+15.2 0.871
Non-alcoholic beverages 210 =218 210 =217 293 = 301 207 =213 0.0008%, ***
Nuts 122+ 143 12.3+14.3 11.6 = 14.0 12.4 = 14.7 0.890
Potatoes 90.1 = 55.3 91.0 + 55.3 85.7 = 55.1 91.3 £ 48.5 0.637
Poultry 10.8 + 8.2 10.8 =+ 8.16 10.6 = 7.45 11.9 = 8.49 0.129
Prepared meals 30.9 = 39.5 30.9 = 39.5 37.1+60.9 27.4+33.4 0.112
Processed meat 29.0 £22.0 29.0 £22.0 29.5£21.5 28.1+£20.6 0.823
Red meat 37.6 = 19.0 37.6 = 19.0 36.2 =19.6 39.9 = 19.1 0.145
Snacks 28.8 +23.8 28.8+23.8 32.3+53.9 27.9 = 28.0 0.301
Soups 49.4 + 52.3 49.4 +52.2 48.6 +55.4 56.9 = 65.9 0.096
Sugar, cakes, and confectionery 74.6 = 45.3 74.7 +45.3 74.4 = 47.8 74.0 =+ 43.5 0.973
Tea 245 + 246 245 + 246 250 =253 244 + 244 0.974
Vegetables 103 = 57.9¢ 103 = 57.9 101 = 76.5 113 = 59.7 0.031%*

Values are reported as mean = standard deviation [SD].

PCA; principal component analysis; En%, macronutrient as percentage of total energy intake [calculated as macronutrient/Kcal * 100];CD, Crohn’s disease;
UC, ulcerative colitis.

“Participants who did not suffer from inflammatory bowel disease [IBD] at baseline.

"Comparison of CD vs UC vs non-developers

Crude intake reported, statistics conducted on V-transformed variables.

Significant p-value <0.05 (indicated in bold); *CD vs UC; **healthy vs UC; ***healthy vs CD.

Supplementary Table S4, available as Supplementary data Table S4. All analyses were corrected for age, gender, BMI,
at ECCO-JCC online. The third pattern which can be in-  and smoking status.

terpreted as a ‘carnivorous’ pattern, including high con- Regarding a-priori dietary scores Table 4, a higher LLDS,
sumption of red meat, poultry, and processed meat, was reflecting high adherence to dietary guidelines in The
associated with the risk of UC development [OR: 1.11,95% Netherlands, was associated with a lower likelihood of newly
CI: 1.01-1.20, p = 0.023], Table 5. This association was reporting CD development [OR: 0.95, 95% CI: 0.92-0.99,
confirmed when analysing the reversed third robust pattern ~ p = 0.009]. Other dietary patterns were not associated with
[OR: 0.84, 95% CI: 0.74-0.95, p = 0.006] Supplementary  reporting UC or CD development among participants.
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Table 3. Factor loadings of PCA orthogonal [varimax] rotation derived dietary pattern.

Pattern 1 Pattern 2 Pattern 3 Pattern 4 Pattern 5
Alcoholic beverages -0.013 0.248 0.080 0.479 0.337
Coffee 0.167 -0.186 0.009 0.737 0.091
Condiments and sauces 0.455 0.333 0.295 0.113 0.084
Cooking oils and fats 0.706 0.013 -0.042 0.076 0.037
Dairy 0.380 -0.203 0.016 0.077 -0.004
Eggs -0.146 0.050 0.188 0.108 0.489
Fish -0.212 -0.096 -0.042 -0.078 0.609
Fruits 0.003 -0.458 -0.069 -0.255 0.305
Grain products 0.693 0.071 0.012 -0.004 0.221
Legumes 0.201 -0.070 -0.124 -0.016 0.413
Non-alcoholic beverages 0.079 0.565 0.092 -0.028 -0.100
Nuts 0.177 0.148 -0.134 -0.002 0.422
Potatoes 0.596 -0.024 0.244 0.107 0.040
Poultry -0.111 0.013 0.715 -0.123 0.005
Prepared meals -0.069 0.584 -0.004 -0.020 0.180
Processed meat 0.323 0.179 0.451 0.257 0.087
Red meat 0.158 0.048 0.790 0.104 -0.076
Snacks 0.112 0.728 0.023 0.071 0.079
Soups 0.096 0.028 0.048 0.109 0.334
Sugar, cakes, and confectionery 0.571 0.209 -0.072 -0.147 -0.147
Tea -0.008 -0.149 -0.002 -0.751 0.097
Vegetables 0.160 -0.362 0.268 -0.217 0.415
Explained variance 10.8% 8.7% 7.5% 7.4% 7.3%

Statistics are performed using principal component analysis [PCA]. Factor loadings >0.3 and <-0.3 are indicated in bold.

Table 4. Logistic regression analysis on reporting CD development
during follow-up.

Table 5. Logistic regression analysis on reporting UC development
during follow-up.

Model*® Odds ratio 95% CI p-value Models*® Odds ratio 95% CI p-value
Dietary pattern 1! 1.00 0.90-1.11 0.981 Dietary pattern 1! 1.00 0.93-1.06 0.941
Dietary pattern 2! 1.16 1.03-1.30 0.013* Dietary pattern 2! 1.01 0.92-1.10 0.847
Dietary pattern 3! 0.99 0.86-1.13 0.853 Dietary pattern 3! 1.11 1.01-1.20 0.023*
Dietary pattern 4! 1.01 0.88-1.14 0.921 Dietary pattern 4! 1.02 0.94-1.11 0.570
Dietary pattern 5! 0.90 0.77-1.04 0.144 Dietary pattern 5! 1.01 0.92-1.12 0.805
Protein score? 0.93 0.86-1.00 0.062 Protein score? 1.02 0.97-1.07 0.483
LLDS? 0.95 0.92-0.99 0.009* LLDS? 0.99 0.96-1.01 0.310
HEI* 0.99 0.97-1.01 0.371 HEI* 1.01 0.99-1.02 0.421
aMED’ 0.98 0.86-1.13 0.831 aMED?® 1.06 0.97-1.16 0.219

CD, Crohn’s disease; CI, confidence interval; LLDS, Lifelines Diet Score;
HEI, Healthy Eating Index; aMED, alternative Mediterranean score.
*“Multiple models are performed [corrected for age, gender, body mass
index, and smoking status] and indicated by numbers'=.

"Dietary pattern extracted from principal component analysis [PCA].
*Significance = p-value <0.05 (indicated in bold).

4. Discussion

In this study, dietary patterns and scores were associated
with de novo IBD development in a large prospective co-
hort comprising 125 445 individuals of the general popula-
tion. Adherence to a “Western’ pattern was associated with
increased likelihood of CD development, and a ‘carnivorous’
pattern with UC development during a maximum follow-up
period of 14 years. Furthermore a higher LLDS, reflect-
ing higher relative diet quality, was associated with a lower

UG, ulcerative colitis; CI, confidence interval; LLDS, Lifelines Diet Score,
HEI, Healthy Eating Index; aMED, alternative Mediterranean score.
*“Multiple models are performed [corrected for age, gender, body mass
index, and smoking status] and indicated by numbers'.

"Dietary pattern extracted from principal component analysis [PCA].
*Significance = p-value <0.05 (indicated in bold).

likelihood of de novo CD development. To our knowledge,
this is the first study simultaneously investigating the associ-
ation between both a-posteriori dietary patterns and a-priori
dietary scores, and longitudinal IBD development.

The first dietary pattern was characterised by high in-
takes of cooking oils and fats, grain products, potatoes,
sugar, cakes and confectionery, condiments and sauces, dairy
and processed meat, which comports with a ‘Traditional
[Dutch]’ dietary pattern. However vegetables, which are often
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consumed together with potatoes, condiments, and meat in
the Dutch cuisine,* are not reflected in this pattern. Similarly,
another Dutch cohort study following 5427 women aged
60-69 for around 8.2 years,*® did not find a significant asso-
ciation between what they referred to as a traditional Dutch
pattern [high intakes of meat, potatoes, vegetables, and alco-
holic beverages| and all-cause mortality risk.

The second dietary pattern can be regarded as typical
“Western’, consisting of high intake of snacks, prepared
meals, non-alcoholic beverages, condiments and sauces, along
with low vegetables and fruit consumption. This pattern is
frequently discussed in literature.’'33 According to a recent
meta-analysis by Li ef al.,* a dietary pattern can be described
as Western if it meets a minimum of two characteristics: high
intakes of: [a] refined grains or sugars; [b] red and processed
meat; [c¢] animal protein; [d] animal fats; and [e] high-fat dairy
products; [f] a low consumption of fruits and vegetables. The
herewith identified “Western’ pattern corresponds with four
[a, b, e, and f] of their suggested criteria. In line with our find-
ings, the meta-analysis found an association between Western
dietary patterns and risk of CD development (pooled relative
risk [RR]: 1.72,95% CI: 1.01-2.93, p = 0.045, > = 74.8%).

The third pattern consists of high consumption of red meat,
poultry, and processed meat and will be referred to as the
‘carnivorous’ dietary pattern and was associated with UC de-
velopment [OR: 1.11, 95% CI: 1.01-1.22, p = 0.024]. This is
in line with previous studies, reporting an excessive consump-
tion of red meat and meat products, animal fats, protein, and
sugar as risk factors for IBD.*3 Recently, Albenberg et al.’®
could not establish an association between the amount of
red and processed meat consumed and time to symptom-
atic relapse in a clinical trial, whereas earlier Ge et al.’” dem-
onstrated a greater pooled RR for IBD in a meta-analysis
[pooled RR: 1.50,95% CI: 1.15-1.95, > = 60.3%, p <0.001].

The fourth pattern is characterised by high intake of coffee
and alcoholic beverages and a low intake of tea, which we
called the ‘beverages’ pattern. Moderate alcohol consumption
is sometimes proposed, although controversial, to be associ-
ated with lower all-cause mortality.’® In a meta-analysis by
Nie et al.,*” alcohol consumption was not significantly asso-
ciated with UC risk whereas coffee consumption showed an
inverse association with UC risk, although not significantly.
Coffee consumption was previously demonstrated to be pre-
ventive for IBD development in an Asian Pacific population.*’

The fifth pattern is characterised by high intake of fish,
eggs, nuts, vegetables, legumes, alcoholic beverages, soups,
and fruits. It can be regarded as ‘Mediterranean’, although
the consumption of eggs and soups do not fit. This fifth pat-
tern can also be classified as a ‘Healthy [Dutch]’ since it in-
cludes intake of vegetables, nuts, legumes, fruits, and fish.
Such a dietary pattern has been associated with a reduced
risk of CD [pooled RR: 0.39, 95% CI: 0.16-0.62, I?: 67.9%,
p = 0.014] and UC [pooled RR: 0.61, 95% CI: 0.04-1.18, I*:
82.8%, p = 0.003] in a recent meta-analysis.'® Surprisingly,
we did not find a negative association between our identi-
fied dietary pattern and disease development, whereas such an
association is often suggested in literature.”'®**? Traditional
Mediterranean dietary habits are changing nowadays and are
becoming more Westernised every day.*’ Perhaps our partici-
pants consumed a predominantly Westernised Mediterranean
diet instead of a Traditional Mediterranean diet, which might
explain why we did not find an association in our population.

A-priori determined dietary scores are widely used to meas-
ure adherence to current dietary recommendations and asso-
ciations with health outcomes. Previous research has shown
that high intake of animal protein, leading to a lower protein
score, was associated with an increased risk of UC.% This
effect has not been confirmed in our findings regarding the
protein score. Nevertheless, animal protein intake is repre-
sented in the third dietary pattern by high intake of meat,
which pattern was actually associated with UC development.

There was no significant association with IBD risk and
the HEI score. Since the HEI is originally composed to suit
American data [cups/day] instead of metric data [g/day], we
adapted the scoring systems as described in the Table S1. This
modification could potentially explain why we did not find an
association, whereas previously higher adherence to HEI did
show an association with increased diet quality and decreased
all-cause mortality.*

Conversely the LLDS, reflecting relative diet quality ac-
cording to the Dutch dietary guidelines,* was significantly as-
sociated with a decreased risk of developing CD. The aMED
score shows similar features to the LLDS, including positive
scoring of legumes, nuts, fruits, vegetables, whole grains, and
fish. These food groups have been associated with a decreased
risk of IBD.* Furthermore, dietary fibre intake and long-term
high intake of fruit has been associated with a decreased risk
for CD.33% A potential mechanism is that dietary fibre inter-
acts with gut microbes and leads to the production of key me-
tabolites such as short-chain fatty acids [SCFAs] which have
anti-inflammatory properties.**3

Unexpectedly, no association was found between adherence
to a Mediterranean diet, measured by the aMED, and onset
of IBD. As aforementioned, no association between our iden-
tified ‘Mediterranean’ dietary pattern and disease develop-
ment was found either. In contrast, Khalili et al.” did see that
a greater adherence to a Mediterranean diet was associated
with significantly lower risk of CD. Due to Westernisation,
our Dutch cohort may not be representative enough of the
Mediterranean dietary pattern. Besides, fatty acids could not
be included in our calculated aMED due to lack of data.

Although the associations between IBD development and
hypothesis-based predefined scores (protein score, LLDS [UC
only], HEL, and aMED) were not statistically significant, we
observed a consistently decreased odds between higher diet-
ary quality and the development of CD [protein score = 0.93,
LLDS = 0.95, HEI = 0.99, and aMED = 0.98],Tables 4 and 5.

4.1. Strengths and limitations

A limitation of this study is that overall dietary intake was
only assessed at baseline. Consequently, our data cannot con-
clude on causality but are solely suitable to establish associ-
ations between diet and disease development likelihood. Food
frequency questionnaires are regarded as a proper and achiev-
able method to assess long-term dietary habits.*

Although PCA is a data-driven method, arbitrary decisions
need to be made such as how many patterns to retain and
how to name or classify a pattern. Moreover some of the diet-
ary scores, except for the LLDS, were developed for other
datasets so that adaptations had to be made to fit the Lifelines
FFQ data. Furthermore, we feature data of participants self-
reporting to have developed IBD over the years. It was not
possible to confirm disease status with medical records due to
privacy regulations.
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Nevertheless, we were able to identify long-term dietary

patterns that could be relevant for IBD development and a
basis for future intervention studies. Performing a comprehen-
sive dietary pattern analysis in a large prospective population-
based cohort, we were able to identify protective dietary
patterns as well as potential risk factors for IBD. Target-
driven dietary scores have been widely used in the literature.
Whereas they are a useful tool to match participant’s dietary
quality to recommendations, they are based on current [sub-
ject to change] knowledge and it is unknown whether these
patterns are most advantageous for health.!® To our know-
ledge it is the first time that data-driven and target-driven
methods were used in parallel to associate dietary patterns
with the risk of IBD in such a large cohort.
In conclusion, in this study we have linked long-term dietary
patterns to IBD development in 125 445 prospectively fol-
lowed individuals of the general population. We observed a
higher likelihood of developing UC with adherence to a car-
nivorous dietary pattern and of CD with a Western dietary
pattern, whereas following current dietary recommendations
for disease prevention [LLDS] was linked to lower develop-
ment of CD. Our study adds to the importance of evaluating
dietary patterns to aid prevention of IBD already at the general
population level, and to focus research on wholefood-based
strategies and formulated diets for IBD patients.’® Although
these findings need to be confirmed through interventional
studies, renouncing a Western or carnivorous dietary pattern
has the potential to reduce IBD risk.

Supplementary Data

Supplementary data are available online at ECCO-JCC online.
The data underlying this article can be shared on reason-
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on all collected variables within the LifeLines cohort can be
found in the catalogue [https://catalogue.lifelines.nl/].
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