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Abstract

Background: Diet is associated with the onset of inflammatory bowel disease [IBD]. Up to half of
IBD patients believe that diet contributes to flares. However, studies on this topic are sparse and
merely focus on specific nutrients, food items or food groups. We aimed to analyse the association
between dietary patterns and flare occurrence in two geographically distinct Dutch cohorts.
Methods: In this longitudinal study, 724 IBD patients [Northern cohort: n =486, Southern cohort:
n=238] were included and followed for 2 years. Habitual dietary intake was obtained via semi-
quantitative food frequency questionnaires at baseline. Principal component analysis [PCA] was
conducted on 22 food groups to identify dietary patterns. Flare occurrence was analysed in 427
patients in remission at baseline, using multivariable Cox proportional hazards.

Results: Compared to the Southern cohort, patients in the Northern cohort were younger at
diagnosis, comprised more females, and had lower overall energy intakes [all p<0.05]. PCA
revealed three dietary patterns explaining 28.8% of the total variance. The most pronounced
pattern [explaining 11.6%] was characterized by intake of grain products, oils, potatoes, processed
meat, red meat, condiments and sauces, and sugar, cakes and confectionery. Of the 427 patients,
106 [24.8%] developed an exacerbation during follow-up.The above dietary pattern was associated
with flare occurrence (hazard ratio [HR]: 1.51, 95% confidence interval [Cl]: 1.04-2.18, p = 0.029), as
was female sex [HR: 1.63, 95% CIl 1.04-2.55, p = 0.032].

© The Author(s) 2021. Published by Oxford University Press on behalf of European Crohn’s and Colitis Organisation. All rights reserved.
For permissions, please email: journals.permissions@oup.com
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Conclusions: A dietary pattern, which can be seen as a ‘traditional [Dutch]’ or “Western' pattern
was associated with flare occurrence. Confirmation in prospective studies is needed.

Key Words: Inflammatory bowel disease [IBD]; dietary patterns; disease course

1. Introduction

Inflammatory bowel disease [IBD], comprising Crohn’s disease [CD]
and ulcerative colitis [UC], is a chronic relapsing—remitting disorder
of the gastrointestinal tract. The number of flares varies largely be-
tween patients and negatively affects health-related quality of life in
IBD patients.! Furthermore, insufficient control of flares results in
chronic irreversible bowel damage.? The aetiology of IBD has not
been completely elucidated and the exact triggers of a flare are not
clear. However, 33—57% of IBD patients believe that diet contributes
to the development of a flare and often experiment with their food
intake to avoid symptoms.>*

A longitudinal study in 183 UC patients found that meat [espe-
cially red and processed meat], protein, alcohol, sulphur and sul-
phate intake increase the likelihood of a flare.” In CD a decreased
n-6/n-3 poly-unsaturated fatty acid ratio [z = 76] and avoidance of
dietary fibres were reported to be associated with flare development
in CD [n =1130], but not in UC patients [z =489].7 A more re-
cent study in 135 IBD patients reported a positive association be-
tween dietary fibre and flare occurrence and an inverse association
with high [saturated] fat intake.® In currently available studies, study
populations were small [between 76 and 183 patients],>”* follow-up
was limited [maximum of 1 year’’] and the definition of a flare is
sometimes solely based on a clinical symptom score.® The study by
Brotherton et al.® did include a large number [z = 1613] of IBD pa-
tients but had a relative short follow-up period of 6 months and
focused on consumption of fibres. To gain better insight into dietary
patterns and disease course, longitudinal follow-up in well-defined
large IBD outpatient cohorts is important. It is of additional interest
to take different geographical regions into account, because the ha-
bitual dietary intake and relative contribution of genetic and envir-
onmental factors in IBD phenotype may differ between regions.’
Furthermore, the focus of currently available studies is mainly on
nutrients, food items or food groups.”* However, dietary patterns
are of particular interest because nutrients are likely to act synergis-
tically or antagonistically as part of a whole meal or daily dietary
intake.!?

Between 40 and 70% of the IBD patients have reported adjusting
their diet in order to prevent symptoms.!! To better support and ad-
vise patients in their search for symptom relief, research on the as-
sociation between dietary patterns and flares is needed, especially
because consistent scientific evidence is largely lacking.

The aim of this study was to identify dietary patterns in habitual
dietary intake of IBD patients after diagnosis and subsequently to
analyse the association between the identified dietary patterns and
the occurrence of a flare in two geographically distinct, longitudinal
IBD cohorts.

2. Materials and methods

2.1. Cohort description

For the present study, baseline data on habitual dietary intake and
longitudinal data on disease course were collected for IBD patients
from two geographically distinctive cohorts from the Northern and

Southern provinces of the Netherlands. Patients were included if
they had a minimum age of 18 years and fulfilled the international
diagnostic criteria for IBD.!? Patients were excluded, Figure 1, when
diagnosed with IBD unclassified or having an ileoanal pouch or
ileorectal anastomosis, were on tube feeding or had missing data
(i.e. disease course data could not be retrieved from medical records,
patients participated in another intervention study whereby data
from IBD-related visits could not be retrieved, or patients skipped
multiple pages and therefore had incomplete food frequency ques-
tionnaire [FFQ] data). Furthermore, patients with implausible FFQ
data [overall intake for males < 800 or > 4200 kcal/day and for fe-
males < 500 or > 3500 kcal/day]"® were excluded. All patients were
followed prospectively with a maximum duration of 2 years, or until
lost to follow-up. In both cohorts, information on demographic
data, disease phenotype according to the Montreal classification,*
previous surgical procedures, disease activity (clinical symptoms,
Harvey—-Bradshaw Index [HBI]," simple clinical colitis activity
index [SCCAI],' faecal calprotectin, C-reactive protein [CRP], en-
doscopy and radiological imaging) were retrieved retrospectively
from medical records using standardized registration forms and
similar definitions in both cohorts. The data underlying this article
can be shared on reasonable request to the principal investigators
of the respective cohorts and in line with European directives. The
STROBE-Nut checklist, which is an extension of the STROBE state-
ment for nutritional epidemiology, was used to report the results.!”

2.2. Northern cohort

The 1000IBD project'® comprises a cohort to prospectively follow
IBD patients in the Northern provinces of the Netherlands. This co-
hort is part of the ‘Parelsnoer’ Initiative [PSI],"”” which is established
by the Dutch Federation of University Medical Centers, to opti-
mize clinical bio-banking within the eight Dutch university medical
centres for research purposes. As part of PSI protocols [described
elsewhere?’], IBD patients are monitored closely and followed pro-
spectively in the University Medical Centre Groningen [UMCG].
The 1000IBD project was approved by the medical research ethics
committee of the University Medical Centre Groningen [METC
UMCG 1000IBD 2008.338]. All patients provided written informed
consent.

2.3. Southern cohort

The IBD South-Limburg [IBDSL] cohort is a well-characterized
population-based inception cohort in the South-Limburg area in
the Netherlands.?! The IBDSL cohort has been used to study IBD
epidemiology and disease course since 1991. IBDSL patients vis-
iting the outpatient clinic of Maastricht University Medical Center+
[MUMCH+] were checked for eligibility for participation in the current
study and included after giving/providing written informed consent.
This study was approved by the medical research ethics committee
of the MUMC+ [NL42101.068.12] and registered in ClinicalTrial.
gov [NCT01756963], the IBDSL cohort was also approved by the
medical research ethics committee of MUMC+ [NL31636.068.10]
and registered in ClinicalTrial.gov [NCT02130349]. The IBDSL
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’ Assessed for eligibility ‘

Northern cobort || Southern cobort

Excluded

n=>547 n=282
\ [

|

’ Total selected ‘

IBDU or pouch n = 34
Study participation # = 6

Southern cohort
Tube feeding 7 = 1
IBDU or pouch 7z = 23
Missing data 7 = 19

Northern cobort
Tube feeding 7 = 3

Missing data n =7

Northern cohort || Southern cohort
n =497 n=239

Quality check

] .

’ Data available for PCA analyses ‘

Implausible intake 7 = 11

Southern cohort

Northern cobort
Implausible intake 7 = 1

Complete sample
n=724

Deseleted

Data available for COX analyses ‘

Stay in remission Develop flare

Complete sample
Not in remission® 7 = 266
COX assumptions** n = 31

n=321 n=106

Figure 1. Flowchart of participant inclusion. Description: n=number. IBDU = IBD unclassified. Implausible intake = overall intake for males < 800 or > 4200 kcal/
day and for females <500 or > 3500 kcal/day. PCA = principal component analysis. *Patients are ‘not in remission’ if disease activity was detected at baseline
and/or up to 3 months prior to inclusion. **COX assumptions = Cox proportional hazard regression analysis requires no missing data.

data warehouse was used to retrieve relevant clinical data for the
present study.

2.4. Clinical data collection

Every visit to the outpatient clinic or hospitalization was registered
in the medical record of a patient and was checked to assess if pa-
tients fulfilled the criteria of having a flare. Since data have been
collected retrospectively from medical records, a flare was defined
by the following criteria in line with clinical practice and previous
studies?*?: [i] presence of active disease confirmed by a physician
availing endoscopy and/or radiological imaging [ultrasound, com-
puted tomography or magnetic resonance imaging]; [ii] increased
faecal calprotectin [>250 pg/g]; [iii] faecal calprotectin > 100 pg/g
with at least five-fold increase from previous visit; [iv] clinical symp-
toms indicative of disease activity or increased HBI or SCCAI ac-
companied by a dose escalation or initiation of a new drug; or [v] if
the dose escalation or initiation of a new drug was accompanied by
a CRP above the cut-off point of the relevant hospital [Northern co-
hort = 5 mg/L, Southern cohort > 10 mg/L]. Disease activity was de-
termined according to the above-mentioned criteria over the course
of 3 months prior to inclusion, at the time of inclusion and during
the follow-up period with a maximum of 2 years. When data were
incompletely registered in patients records in the period before in-
clusion, in addition to the above-mentioned criteria, IBD-related
hospitalization due to disease activity and IBD-related surgery were
examined to be able to evaluate disease activity. Furthermore, time
since last flare and time to flare during a follow-up were calculated
in months.

2.5. Dietary data collection

In both cohorts, habitual dietary intake was obtained via comparable
FFQs developed [in collaboration with] and validated by the division
of Human Nutrition of Wageningen University.>*2¢ In the Northern
cohort, the FFQ was administered to patients between 2013 and 2016;
in the Southern cohort, dietary data were collected between 2012 and
2017. The FFQ did not record intake of nutritional supplements. The
intake over the previous month was used as a reference period. It was

assessed by scoring the frequencies of consumption on a seven- or ten-
item scale: ‘never’ to 7 days per week’, or a four-item scale: ‘never’,
‘sometimes’, ‘often’ and ‘always’ along with the usual amount taken
in. Portion sizes were estimated using natural portions and commonly
used household measures. In the Northern cohort, data on the fre-
quency of food intake were linked to the Dutch food composition table
[NEVO 2011, RIVM Bilthoven, the Netherlands], resulting in a calcu-
lated individual mean consumption of the reported macronutrients and
110 food items. In the Southern cohort, data on frequency were linked
to the Dutch food composition table [NEVO 2010, RIVM Bilthoven,
the Netherlands], resulting in a calculated individual mean intake of
the reported macronutrients, and 148 food items. The food items of
both cohorts were grouped into 22 food groups (Supplementary Table
S1). For both cohorts, BMR % [total energy intake as percentage of
basal metabolic rate]??® was calculated for men and women separately
using the Harris Benedict Equation: BMR _  =655.0955 +[9.5634*
Weight] + [1.8496*Length] - [4.6756%Age] and BMR  =66.4730 +
[13.7516*Weight] + [5.0033*Length] - [6.7550* Age].

2.6. Statistical analysis

2.6.1. General analysis

Baseline characteristics were presented as means with corresponding
standard deviations [SD] for continuous variables and as the number
of patients with corresponding percentages for categorical variables.
Continuous data between the distinctive cohorts were compared by
a Student’s #-test and categorical data by Chi-square test or Fisher’s
exact test when appropriate. Although crude intake of food groups
was reported, statistics were conducted on V-transformed variables
when appropriate.

2.6.2. Principal component analysis [PCA]

PCA is a form of factor analysis, whereby patterns are identified
based upon the correlation between food groups, explaining the
maximum variance [i.e. complete diet of individuals]. For each
‘factor’ individual scores are generated, which then rank individuals
based on the food group consumption by the weighting of those
groups within the factor.?’
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To extract a-posteriori dietary patterns, we conducted PCA with
orthogonal [varimax] rotation to obtain optimal interpretability of
the extracted components [dietary patterns] on the 22 food groups
(which are standardized [Z-scores] per cohort) on all IBD patients.

Before analysis, suitability of the data was tested by using a
correlation matrix, using Bartlett’s Test of Sphericity and Kaiser—
Meyer-Olkin test. Coefficients with absolute values above 0.3 were
considered relevant for interpretability. Scree plots and interpret-
ability of the components were used to determine the number of
patterns to retain. Subsequently, for each patient, a factor score per
dietary pattern was calculated as the sum of the food group weighted
by the factor loadings.

As PCA is sensitive to outliers, an additional robust PCA with
varimax rotation was performed to check whether the results could
be confirmed,*® using the same assumptions.

2.6.3. Cox proportional hazards regression analysis

To determine whether adherence to the identified dietary pat-
terns is associated with development of a flare during follow-up,
a multivariable Cox proportional hazards regression analysis was
performed including all IBD patients being in remission at baseline,
while correcting for clinical confounders [i.e. energy intake, study
cohort, disease phenotype, gender, age at diagnosis, smoking behav-
iour and BMI]. Patients were excluded if a flare was detected at, or
3 months prior to, inclusion based on the above-mentioned criteria.
In case of insufficient or missing data on disease status, patients were
also regarded to be not in remission at baseline, and therefore not
included for further analysis on flare development. Hazard ratios
[HRs], with 95% confidence interval [95% CI], for the association
between PCA-derived dietary patterns [as continuous variable]
and flare development were calculated. Furthermore, again, ro-
bust PCA was used to check whether the regression analysis results
could be confirmed. If patients were lost to follow-up, they were
censored at time of their last clinical visit. Statistical analyses were
performed using IBM SPSS statistics for Mac OS, Version 25 [IBM,
Armonk, NY] and R 3.6.3 [R Core Team, 2014]. The PCA orthog-
onal [varimax] rotation was performed using the R package psych
1.9.12.31,%' the robust PCA was performed using the R package
rreov version 1.5.2,°% and the Cox proportional hazard regression
analysis was estimated using the R package survival v3.1-12.333
A two-sided p-value of < 0.05 was considered significant.

3. Results

3.1. Baseline characteristics of the cohorts

A total of 724 patients were included (Figure 1, Table 1). In the
Northern cohort, 486 patients participated consisting of 284 CD
and 202 UC patients. Of all these patients, 60.7% were female,
mean age at inclusion was 43.0 = 14.4 years, disease duration was
12.6 £ 9.2 years, and body mass index [BMI] was 25.6 = 5.1 kg/
m? In the Southern cohort, 238 patients participated: 156 CD
and 82 UC patients. Of these patients, 52.7% were female, their
mean age at inclusion was 45.7 = 14.8 years, disease duration was
11.5 = 10.1 years and BMI was 25.5 = 4.2 kg/m?.

Comparing both cohorts revealed that patients in the Northern
cohort were more probably female (295 [60.7%] vs 126 [52.9%],
p =0.047), were taller [174 £ 9.9 vs 172 + 9.7 cm, p = 0.001], had a
lower age [at diagnosis] [43.0 = 14.4 vs 45.7 = 14.8 years, p = 0.020]
and a longer time to last flare at time of inclusion [20.5 = 6.8 vs
18.6 = 7.8 months, p =0.013]. No differences were observed in

disease phenotype, BMI or smoking behaviour. The two cohorts
showed differences in the Montreal classification [age at diagnosis:
P =0.002, location: p < 0.001, upper-gastrointestinal disease modi-
fier: p = 0.045, behaviour: p < 0.001 and perianal disease modifier:
p = 0.003, but not disease extent: p = 0.538] and IBD-medication use
[p < 0.001]. Patients in the Northern cohort were more likely to have
had bowel resection surgery prior to inclusion (156 [32.2%] vs 55
[23.1%], p = 0.012) than patients in the Southern cohort.

When comparing patients who remained in remission during
follow-up [n = 321] with patients who developed a flare [z = 106],
weight [77.5 £14.5 vs 74.1+16.5 kg, p =0.045] and duration
of follow-up [22.6 +4.9 vs 23.5 +2.4 months, p =0.009] were
significant.

3.2. Habitual dietary intake

Compared to the Southern cohort, patients in the Northern co-
hort had a lower intake of all macronutrients: total energy intake
[1930 = 604 vs 2180 = 634 kcal, p < 0.001], total protein [0.9 = 0.3
vs 1.1 = 0.3 g/kg, p < 0.001], plant protein [0.4 + 0.2 vs 0.5 + 0.2 g/
kg, p < 0.001],animal protein [0.5 = 0.2 vs 0.6 = 0.2 g/kg, p < 0.001],
fat(35.6 = 5.6 vs 36.5 = 5.2 energy [En] %, p = 0.038), carbohydrates
[46.0 = 6.5 vs 43.8 = 6.2 En%, p < 0.001] and alcohol [1.5 = 2.4 vs
2.8+ 3.6 En%, p <0.001; Table 2]. Moreover, they consumed less
legumes [10.3 = 20.5 vs 17.3 = 37.0 g/day, p = 0.002], grain products
[177 = 85.3 vs 204 = 86.8 g/day, p < 0.001], red meat [34.1 = 19.9
vs 55.7 +36.1 g/day, p <0.001], processed meat [27.8 +22.0 vs
44.3 = 34.5 g/day, p <0.001], fish [14.0 +15.1 vs 21.4+£22.3 g/
day, p <0.001], oils [22.9 = 18.4 vs 30.1 = 15.5 g/day, p < 0.001],
confectionery [74.1 = 50.7 vs 91.4 = 61.9 g/day, p <0.001], alco-
holic beverages [55.9 = 101 vs 134 = 211 g/day, p < 0.001], and con-
diments and sauces [29.1 =22.5 vs 35.1 = 31.5 g/day, p =0.008],
but more dairy [256 = 190 vs 216 = 177 g/day, p = 0.005], poultry
[11.5 +11.4 vs 10.3 = 16.9 g/day, p < 0.001], non-alcoholic bever-
ages [286 = 347 vs 219 = 229 g/day, p = 0.009], tea [271 =261 vs
248 + 318 g/day, p =0.020] and prepared meals [31.0 = 51.5 vs
17.6 = 31.0 g/day, p < 0.001].

Compared to patients who had a flare during follow-up, pa-
tients who stayed in remission had a higher BMR % [1622 + 249 vs
1559 + 254, p = 0.025] but lower intakes of total protein [0.9 = 0.3
vs 1.0+0.3 g/kg, p=0.035] and animal protein [0.5 0.2 vs
0.6 = 0.2 g/lkg, p = 0.022]. Moreover, patients in remission had lower
intakes of vegetables [100 = 66.7 vs 117 = 73.8 g/day, p = 0.027] and
red meat [38.1 = 23.7 vs 46.2 = 34.8 g/day, p = 0.028].

3.3. Dietary patterns

The dietary data were found to be probably factorizable based
upon the Bartlett’s Test of Sphericity [p <0.001] and Kaiser-
Meyer-Olkin test [KMO = 0.655]. Subsequently, PCA was per-
formed, identifying three dietary patterns explaining 11.6%,
8.9% and 8.3%, respectively [cumulative 28.8%] of the total
variance in food group consumption for all patients [Table 3,
Supplementary Figure S1]. The first dietary pattern is character-
ized by high intakes of potatoes, grain products, red meat, pro-
cessed meat, oils, sugar, cakes and confectionery, and condiments
and sauces. The second dietary pattern revealed high intakes of red
meat, processed meat, coffee, alcoholic beverages, condiments and
sauces, and snacks, and low consumption of fruits and tea. The
third pattern is characterized by high intakes of vegetables, fruits,
nuts, fish, eggs and alcoholic beverages, and low consumption of
non-alcoholic beverages.

Z20z fienuer | uo sasn usbuiuois) Jo Ausisaiun Aq Z18¥609/S0EL/8/S | /a101e/20[-0008/Ww 00 dno-olwspeoe//:sdny wolj papeojumoq



1309

Dietary Patterns and IBD Flares

Downloaded from https://academic.oup.com/ecco-jcc/article/15/8/1305/6094812 by University of Groningen user on 14 January 2022

*SII[0D 9AIIRIII[N = D) ‘[eunsaulonses = [5) "porrad dn-mofjoy = N

*xapur ssew Apoq = [N "s1sd[eue yusuodwod [edurid = yHJ *s[esr3o[oiq ‘siojenpowounuuwI ‘SPIoIAs JIWAISAS ‘Spro1als [ed1doy/ySy-¢ ‘uonedrpaw ou :[y31y 03 mof| 19pio sgnip sjdnnur asn Loy J1 L1081 359ySIy, 93

01 paz1108238d 218 SIUIANE, "PIOE dIfAdI[esoure-¢ = YSy-§ ‘[A[uo D] 3uaixa =

4 ‘[A[uo @D] moraeyaq = g [Auo D] uonezijedo| =

T ‘98e = Y :uonedYISSE[d [BINUON [uorsnjour 03 1oud syjuow ¢ 03 dn 10/pue surfaseq 1e]

uortsstwal ut syuaned A[uQ,, *€0°(0 > an[ea-d 3uedyrugig,, ‘s1eak 7 wnwixew e jo portad dn-mof[oj oy3 Surinp 3seasip J19y3 Jo dn d1ej B 9ABY OYM SIUIIIE,,, "STBIA 7 wnwixew e jo portad dn-mo[[oj oy3 Surmp uolssiual ut £e1s

oym sjudAneJ,, "uoisnpur 03 Jouid syruowr ¢ £31ATIOR 95LISIP JO SUSIS OU UMOYS IABY PUE JUIISE( IB UOISSTUWAI UT T8 OYM SIUINIE, "dSBISIP AL [IIM SA UOISSTWAI Ul sjuanied jo uosiredwio)),; 110705 UIAYINOG SA WIDYIION JO

uostredwon), -areurdordde uaym [94] 1oqunu 10 (J§ F ueaw se paiiodal a1k SINJeA “SI[BLIEA [BI1T0S21EI 10] 159) 19BXI S I2YSL] JO 1531 parenbs-1y0) 10 s3[qeLIeA SNONUNUOD 10 1531-7 s uapnig & Suisn pawroyiad axe sonsnelg

[£L€] oF [8'0¢] 66 [0'sv] 20T le'stlcar [s'1€el 6TC s[eatgoorg
[ozel ¥T [s792l 8 VArad 49 [s-stl mﬁ [svel L1 $I0JE[NpoWwoUnwIW]
0650 l6'TlC [T1lv «100°0> [0l T [T+l 0 l6'cl 1t SPIOIAS JIWAISAS
[oz1] 81 (812l 0L (9211 Th [s'12] x: [Totl 9¥1 sprotass [eardol 10 ySy-¢
[80tl 2 [9°611 €9 e+l ¥€ (9Tl ¥1T [s0T] %1 uonedpIw ON
4UOISN[OUT 3 uonedIpaw (g
[6°S¥] L1 [€9s1 92 [+6¥1 0% [87zsl i: [8° 18] ¥¥1 AISUDIXI €7
LTY0 [Ter] ot l61el €F 8€5°0 [s6€l e loeel ¢ l6v€l L6 PapIs-19] :7d
[80T] ¥ l6TTl 91 [TrTl6 [T¥1l 8 [eerl e SIII[0D DADEID[N 1|7
LS¥0 [Tyl 1 [+'0cl 65 «€00°0 1€l 6% [0°07] mm [8'zal sv1 Toyrpow [euetrad 1
[evTloT [Tozl L [osTl 6€ [Tv1l o [o8T] 62 Sunenouad :¢q
9710 [£s€l st [setl e¥ «100°0> l6'21] 8¢ [+ €l R [s8Tl sT1 SuLmioms 17gq
[0'0s] s¢ [e'9¢] €01 (1251 68 [#15] mi [¥eslvee Sunensuad-uou ‘FuLmiots-uou g
€LT0 (18l [o+] €T «S¥0°0 [eotl 91 (9519 [8-9] T¥ sayipow [9-raddn 147
[os] ¥¢ l6'9+1 ¥8 [9'651 €6 [0°6€] vS [9'9+] L61 STUO[O20IT ¢
8%L°0 [Tzl st (107l 9¢ «100°0> [£'91] 92 [cetl 79 [8'07] 88 u0[02 :7]
l6'22] 61 [oeel 68 [zeTl Le [8-el TOT [ozel se1 Wnd[I [eUIIa) 1]
[9¢Tl st [veel e [Tocl 12 [8 0l 00T lecTl L1 s184 Op< 1€V
€€9°0 l6 9] 2L [£'59] :N %2000 [0F9] 15T [6'99] Sm l6 59l Ly 1824 Op—L1 1TV
[s'8l6 (81118 [6's1¥1 [ecTl6 [Totl €L s1eaf 9TS 1Y
(UOIIBIYISSE[D [BIIUOTA
0180 [e'scl o¢ (122l L8 «C10°0 [reel ss [czel 951 [Tecl 11T [s94] uotsnpour sotid uonasor Pmog
wio l[6v€l Le [oevl 8€T 990°0 [svel 8 [9°T¥] 20T [T6cl #8T [OnN] 2d4rouayd aseasiq
«100°0> 99FTII 6 ¥ 97T +€10°0 8'L%981 89 % 60T TLF861 o[ Butnp syzuour] areyy o3 dwy,
%600°0 YTFSET 6vF9°TC 807°0 vy F LT 6€FTET 0t ¥ €€t [syauow] dn mojjoy uonemq
€220 967 1Tl 001 *§TI 91°0 TOT*S 1T T6F9T s6FTTU [s1ea£] uonenp aseasiq
SOTSLINNILILYD [eITUID)
850°0 [s-0clze (8911 ¥§ 7€6°0 [+'0t] 8% [s'61] €6 [8'61] 11 [oanoe] Sunjowrg
1+T0 8% 05T vy ¥ 95T 978°0 TYF ST 'S ¥9°6C 8% F9°5T [-w/3] pNd
#S+0°0 SOLFT¥L SYL=SLL LLO0 Y1+ §SL YL LL 6SI=1LL [33] 3ySrom
L5070 00T F LI 96 FHLT «100°0 L'6FTUT 6'6FHLT 667 HLT [wd] 3ySoH
780 LYLF ey 0STF9'¢t +070°0 8Y1 * LSt YL 0ch 9L 6t [s1ea4] 93y
¥90°0 [T°591 69 [8+sl9LT «L¥0°0 l6zsl ot [£709] S6T [T°8sl 1Ty [oretay] xog
sonsupIdeIeyd drjderSowa (g
901 = rce=u geg=u 98% = u YoL=u
onyea-d T 4y UOTSSTIIDY jonfea-d yinog YIION a191dwo)

[uo1ss21821 X020 UT pasn se| 0N

[vDd u1 pasn se] sjduwres a1ojdwor)

uoisnjoul je syusied Qg| 40 sonlsialoRIRYD [BOIUID pue oiydeiBowse( | d|qeL



V. Peters et al.

1310

Downloaded from https://academic.oup.com/ecco-jcc/article/15/8/1305/6094812 by University of Groningen user on 14 January 2022

(00T + TedYAUSIINUOISEW SE
pare[nofed] ayeut £819ud €303 jo oFeuddiad se syusrnnuoIEW = 94Uy *([98V 0552 9] — [PSUIT,£€00°ST + [FUSOM L 9TSL ET] + 0€LH 99 = UdW YING [98V9529'F] = [BUT,96+8 ] + [USOM «#€957°6] + §560°§59 = Ud
wom YN ‘uonenby 191pauag SLLIRH (I PAIE[NO[Ld) 93BT JI[OEIdU [eSE] Jo dFeIuadtad se [[e] ayeaut £310ua [€301 = 9 YING "sisA[eue Jusuodwod [ediduird = YO *SI[qELIEA PAULIOJSUBII-\ UO PIINPUOD $IUSTIEIS ‘partodar
vxmuﬁq uﬁﬂhuﬁ 00> ME—N\TQ uﬁmu@mﬂwmm % ‘s1BaA  wnuwixeuw e wc ﬁCCw& mﬁlgc:o.« uﬂu wECS_u ummum:u .ivﬁu wO dn vumﬁ e v>m£ OLB muﬁoqummxa ‘s1Bak 7 wnuixeur g wO ﬁoqhu& Qﬂngozcw wﬂu wimud_u EOMwm_Euu ur kmuw OLB muﬁwﬁ-

B, "OSBASIP JATIOR YIIM SA UOISSIWI ul syuaned Jo uostredwor),; *110Y0d UIAYINOG SA WIAYLION Jo uostredwon), ‘(S  ueaw se pan1odar axe sanjeA “SI[qELIEA SNONUNUOD 10§ 1831-7 SIUapnIg & Suisn pauriofrad are sonsnelg

«£20°0 8 ELFLIL L99 %001 9¢€°0 §'89 %601 769 F €01 1’69 = 01 $9qe3989A
0ST0 SYTFeT 14T+ 89T +070°0 81€*8¥YT 19T+ 1.7 18T+ +9¢ EIL
856°0 VST 6 LL TOSFIULL «100°0> 6'19F¥'16 L0SFI'vL TSSF86L £19u01295u00 pue soxed Tedng
§81°0 0¥C*¢9¢ 0°§T*0°0¢ €L1°0 6T F80¢ 8CCFELT TSTF 8T SPrUS
1490 90S*FT1¥y LY ¢y 78TO 699 F €°CS TYSF 9% L'8S T ¥8Y sdnog

«820°0 8YEFT9Y L'ETF I8¢ «100°0> 1'9¢ LSS 6’61 F1'¥€E T8CFTLY jeaw poy
991°0 €TCEFT9¢E 6'STF6'LE «100°0> SYeF vy 0'CC*8°LT §'LTFTEE JEIW Passad0dd
L£6°0 LS F06T ¥°0S ¥ 98T «100°0> 0'1E€E*F9LT SIS*01€ T F99C sjeaw paredaig
08¢0 PELF YL LE€LFL0T «100°0> 691 F¢01 PILFSTL PELFILL Annog
16€°0 0'6S *8°¢8 TyS * 8L 180°0 96Y F¥'SL 679 €98 §09F L8 $303810]
LLT°0 9L *¥01 L'0TFE€EL 6¥C°0 T8I F YTl €LLF8°01 9LLFETL SINN
195°0 19€+9.LC 60€ ¥ ST «600°0 6CCT6lC LYE F 98T SIE*$9¢ $93e1949q d1jOYOd[E-UON
YEL0 LIy *FTLL 691601 «C00°0 0LEFELL §0Tc*€0l TLTFICL sownga|
6+€°0 0'€c6 F 161 8'LLFE8T «100°0> 898 F+0¢C €68 FLLL L98 F 981 s1onpoid urern
169°0 0crL = 1€l LOL F9¢€1 §66°0 PILF €L LOLFTEL 601 * €€l s3]
060°0 TECFL6l1 691 F¢°S1 «100°0> ETCFv'1e 'STF0v1 181 +691 ystd
LYL0 T'ST+8€L LYLFEPL 908°0 0vYL*=T¥l L'ETF8EL 8 €L F6'Cl s389
68%°0 0L1 F €€C Y81 * LYT «$00°0 LLLF91T 061 F9€C L8L F €YT Lireq
§6CT0 L'8LF6°ST LYl *8¢€C +100°0> SCLF1°0€ P81 F6°CC 8'LLF€ST s3ej pue s[10 ULy
969°0 8'9TF8'1¢ TLTF90¢ +800°0 STEFI'SE STTF 16T 6'SCTFI'LE SIONES PUE SIUIWIPUOT
9€1°0 8T+ 88¢ 80¢€ * 8¢¢ (4540 1SEF65¢ €9TF L6T 96T * 81¢ 991400
8¥S°0 YL1*8°8L IST*t'68 «100°0> LIC*v€l 101 #6°SS IST* 618 §98119A9q 1[040y

\[4ep/3] o>yerur dnois pooq
970 6'CF8L 'e*s1e «100°0> 9CF8T YeFESL 6'CF6'l 1%Ud
1§9°0 1’01 *¢6°¢ 8809 «100°0> L'TL*L8 §9*1y 88F9°¢ [£ep/3] joqooy
1€+°0 6'9F9° S €9FI'SYy «100°0> TIFREY 9709 §9FESY %Ud
¥1€°0 SELFIET 8'89 F €CTC «910°0 1€L*LET €'8LFTCC 6'9LFLTC [4ep/8] soreapAyoqie)
1€9°0 9 ¢ FLSE §EF09¢ «8€0°0 TEFE9E 9 ¢F96E SeF6S¢E % Ud
weo 1'TeE++'C8 ¥'8CTF 08 «100°0> L'T€*F668 0'6T*F0°LL SOEFT'I8 [£ep/3] 1e5 [e30L

«CC0°0 T0F90 T0FS0 «100°0> T0F90 050 T0F$0 3y/8
w910 89L* 1ty YL+ L6E «100°0> LILF 'y PELFT6E 8YL*6'0¥ [£ep/3] winoad [ewtuy
870 T0F+0 T0F+0 «100°0> T0*S0 TOFH0 T0*¥0 3v/3
016°0 LTI F6°0€ 1'01 #8°0¢ «100°0> (A4 443 SOL*1'6¢C P'I1¥60€ [£ep/3] uiazoxd 3uelq

«§€0°0 €001 €0%60 +100°0> E0F11 €0%6°0 €001 3y/3
1¥€0 EYTF 6L 961 F¥°0L «100°0> 9ETFLYL L'61FT89 IICFLTL [£ep/3] urazoxd es07,

«§70°0 YSTF 6561 6vCFT91 €0 PSTF 1681 88T+ 9191 LSTF6091 % NG
6L£°0 89 * ¥107 09¢ * /L861 «100°0> €9 F081¢ ¥09 F 0€61 §T9 F1C10¢T [[e>] 48souy

AeIUT JUILINUOIIBIA

901 =4 Tce=u §eC=u 98y =u YoL=u
onyea-d T[] ,UOISSTUIOY Jonea-d yanog YIION a191dwon
[uo1s$01391 X0y UI pasn se] uonIIAS [VDd u1 pasn se] sjduwres a3aidwor)

sjuaned qg| jo ayelul Aleialp |enuqeH g a|qeL



Dietary Patterns and IBD Flares

131

Furthermore, the additional robust PCA with varimax rotation
retained the first two patterns, which were comparable to the PCA
orthogonal [varimax] rotation analysis [Supplementary Table S2,
Supplementary Figure S2]. Therefore, these two robust patterns were
used for Cox proportional hazard regression analysis.

3.4. Cox proportional hazard regression analysis

Of the 724 patients included in the present study, 427 were in re-
mission at baseline and eligible for multivariable Cox proportional
hazard regression analysis. Of those patients, 106 [24.8%] devel-
oped a flare during follow-up. Adherence to the first and most pro-
nounced dietary pattern [explaining 11.6% of the total variation]

Table 3. Factor loadings of PCA orthogonal [varimax] rotation de-
rived dietary patterns

Pattern 1 Pattern 2 Pattern 3
Alcoholic beverages 0.003 0.538 0.435
Coffee 0.081 0.445 0.202
Condiments and sauces 0.495 0.334 0.095
Cooking oils and fats 0.742 0.013 -0.001
Dairy 0.110 -0.014 0.048
Eggs -0.003 0.078 0.566
Fish -0.058 -0.134 0.611
Fruits 0.005 -0.462 0.371
Grain products 0.753 -0.064 0.019
Legumes 0.206 0.054 0.300
Non-alcoholic beverages 0.150 0.118 -0.391
Nuts 0.003 0.028 0.451
Potatoes 0.590 0.040 -0.052
Poultry 0.048 -0.175 0.014
Prepared meals 0.006 0.257 -0.043
Processed meat 0.504 0.382 0.032
Red meat 0.352 0.448 0.146
Soups 0.208 0.003 0.272
Snacks 0.188 0.407 -0.091
Sugar, cakes and confectionery 0.470 -0.021 -0.097
Tea 0.047 -0.636 0.152
Vegetables 0.276 -0.295 0.397
Explained variance 11.6% 8.9% 8.3%

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

Table 4. Multivariable Cox proportional hazard analysis on flare
during follow up

Hazard ratio 95% CI p-value
Dietary pattern 11 1.51 1.04-2.18 0.029*
Dietary pattern 21 1.08 0.87-1.35 0.469
Dietary pattern 3% 1.14 0.92-1.41 0.229
Energy intake [kcal] 1.00 1.00-1.00 0.318
Cohort [Northern = ref] 1.23 0.80-1.89 0.336
Phenotype [CD = ref] 0.84 0.55-1.29 0.427
Sex [male = ref] 1.63 1.04-2.55 0.032*
Age at diagnosis 1.00 0.98-1.01 0.831
Active smoker [no = ref] 1.16 0.70-1.92 0.574
BMI 0.97 0.92-1.02 0.177

Statistics are performed using Cox proportional hazard analysis. CI = confi-
dence interval. "Dietary pattern extracted from principal component analysis.
*Significance = p-value < 0.05. Ref = reference category. CD = Crohn’s disease.
BMI = body mass index.

was found to be associated with an increased risk of flare develop-
ment [HR: 1.51, 95% CI: 1.04-2.18, p = 0.029; Table 4]. In add-
ition, women also had an increased hazard of flare development [HR
1.63, 95% CI 1.04-2.55, p = 0.032]. However, no interaction was
observed between the dietary pattern and sex. Furthermore, no as-
sociations were found with other variables tested nor with the other
two dietary patterns.

The first two dietary patterns [first pattern: HR 1.50, 95% CI
0.98-2.11, p = 0.062; second pattern: HR 0.99, 95% CI 0.82-1.20,
p =0.917] derived from the robust PCA showed comparable HRs
for associations with flare development and female sex [HR: 1.59,
95% CI: 1.03-2.45, p = 0.037; Supplementary Table S3]. However,
the first dietary pattern lost significance.

4. Discussion

In this prospective study in two distinctive cohorts we found, using
PCA, three dietary patterns, cumulatively explaining 28.8% of the
total dietary variance in 724 IBD patients after diagnosis. Adherence
to the first, most prominent, dietary pattern, but not the second and
third pattern, was prospectively associated with the occurrence of
flares in 427 IBD patients. To our knowledge, this is the first study
investigating the association between a-posteriori dietary patterns
and longitudinal flare development in IBD patients during a 2-year
follow-up period. The findings indicate the relevance of studying
dietary patterns and flare occurrence and warrants future longitu-
dinal studies.

The first dietary pattern we found is characterized by intake of
grain products, cooking oils and fats, potatoes, processed meat, red
meat, condiments and sauces, and sugar, cakes and confectionery,
and can be regarded as a ‘traditional [Dutch]’ dietary pattern. A few
other studies®=*7 have also described a ‘traditional’ or ‘traditional
Dutch’ dietary pattern. Overall, the patterns described in litera-
ture were largely comparable to our ‘traditional [Dutch]’ pattern.
However, in contrast to dietary patterns established by Waijer et al.,’®
our first pattern did not include vegetables, which are typically con-
sumed together with potatoes and meat in the Dutch cuisine.’®
Moreover, our pattern was characterized by high intakes of sugar,
cakes and confectionery instead of the low intakes of sweets de-
scribed by Vujkovic et al.?* Using the Crohn’s disease exclusion diet
[CDED],* a whole-food diet coupled with partial enteral nutrition,
promising results have been reported for the induction of remission
in paediatric CD.* Interestingly, in the CDED trial, potatoes and oils
[only olive oil and canola oil] are allowed, which is inconsistent with
our findings, whereas processed meat, sauces, confectionery, wheat,
breakfast cereals and breads are not allowed,*' reflecting the ma-
jority of the food groups of our first pattern. However, in a recent
clinical trial in which participants were instructed to follow their
usual diet and were assigned to either a high [minimum of two serv-
ings per week] or low [not more than one serving per month] red
and/or processed meat consumption, no differences on symptomatic
flare development in CD were found.*

In the literature, analysing dietary patterns via PCA is increas-
ingly used to study the combined effects of all foods consumed in
an individual’s diet.!® It is data-driven, which means no a-priori
assumptions are made [except when food items are clustered
into food groups], and challenging food interactions can be ac-
counted for. However, the number of dietary patterns to retain is
partly based on arbitrary choices [i.e. scree plot, interpretability
criteria] and the naming and characterization of dietary patterns
cannot be standardized and is therefore subjective."? This can be
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demonstrated as our first pattern is partly similar to the second
dietary pattern, which is characterized by high intakes of red
meat, processed meat, coffee, alcoholic beverages, condiments and
sauces, and snacks and low intakes of fruits and tea. Red meat,
processed meat, and condiments and sauces [parts of a ‘Western’
pattern] loaded positively on both patterns. However, an associ-
ation between this second pattern and development of a flare was
not established. However, the first pattern, which we classified as
‘traditional [Dutch]’ [especially due to the potato intake] also fits
into the description of a “Western’ pattern because it is character-
ized by intakes of grain products, red meat and processed meat,
cooking oils and fats, and sugar, cakes and confectionery. As the
Netherlands is a Western country, it is not surprising that a ‘trad-
itional [Dutch]” dietary pattern is also nowadays [partly] a typ-
ical “Western’ diet or could be regarded as a variant of a “Western’
dietary pattern. Subsequently, this could explain why our finding
that a ‘traditional’ pattern is associated with flare development is
similar to the literature on a ‘Western’ dietary pattern in disease
development.

Concerning the aetiology of IBD, a meta-analysis* showed that a
‘Western® dietary pattern as defined by at least two of the following
characteristics: high intake of refined grains, red or processed meat,
animal protein, animal fats and high-fat dairy products, or low con-
sumption of fruit and vegetables was associated with the incidence
of IBD [Relative Risk 1.92, 95% CI 1.37-2.68]. Furthermore, a
study by Vasseur et al.* found three dietary patterns and labelled
these as ‘healthy’, ‘traditional” and “Western’. They reported an in-
verse association between a ‘healthy’ dietary pattern and incident
IBD [p-trend = 0.02], whereas a ‘Western’ dietary pattern was as-
sociated with a higher risk on IBD [p-trend = 0.02]. After adjust-
ment for covariates, those associations lost significance. Because a
“Western® dietary pattern seems to play a role in the aetiology of
IBD, we did expect our second Western pattern to be associated
with disease course as well. The lack of an association might refer to
the complexity of dietary influences, which may also vary between
individuals.

Our third dietary pattern resembles elements of a more
‘Mediterranean’-type dietary pattern, or a ‘prudent Dutch’ dietary
pattern® as it is characterized by high intakes of vegetables, legumes,
fruits, nuts, fish, eggs and alcoholic beverages but low intake of
non-alcoholic beverages.*® Surprisingly, no inverse association was
found between flare occurrence and this pattern, of which most of
the food groups are in line with the recent dietary guidance recom-
mendations by the International Organization of IBD [IOIBD].*”
The association of the Mediterranean diet and its health benefits has
gained interest in recent years because of its anti-inflammatory po-
tential in chronic diseases such as IBD, and its ability to improve di-
versity and richness of the gut microbiota and microbial metabolites
(increase in faecal short-chain fatty acids [SCFAs]).** Preliminary
data of 38 patients with IBD in remission assigned and adhering to
a Mediterranean diet for 6 months showed an increased quality of
life and decrease of CRP.*° Furthermore, in a cross-sectional analysis,
patients with CD in remission [# = 45] had a higher Mediterranean
diet score, compared to patients with active disease [7 = 41, based
on HBIJ.%!

Although there is no consensus in the literature on how exactly
to describe a ‘Mediterranean’ dietary pattern, it is often character-
ized by high intakes of vegetables, fruits, whole grains, legumes, nuts
and seeds, and olive oil, and moderate consumption of fish, poultry
and dairy foods, and little red meat. Although, over the years, this
diet has changed and has been Westernized.*? Perhaps our patients

consumed a diet resembling a more ‘Westernized Mediterranean’
dietary pattern instead of a ‘traditional Mediterranean’ dietary pat-
tern. This might be the reason why we could not confirm a beneficial
association between adherence to this dietary pattern and flare de-
velopment in the present study.

The importance of studying dietary patterns is supported by the
rising incidence of IBD in Western and newly industrialized coun-
tries, which coincides with urbanization and adoption of a Western
lifestyle, including a diet rich in fat, sugars, animal protein and pro-
cessed foods, and low in fruit and vegetables.** Additionally, a higher
IBD incidence among immigrants to Western countries and their suc-
cessive generations’¢ as well as mechanistic animal and in vitro
studies further support that a Western lifestyle is likely to play a role
in the pathophysiology of IBD. For example, a high-fat diet is re-
ported to affect the intestinal epithelial permeability in mice.’” Others
found that a high-fat, high-sugar diet in mice is characterized by mi-
crobial dysbiosis and decreased concentrations of SCFAs.*® Dietary
fibres, mainly from fruits and vegetables, are fermented in the colon
into SCFAs, which serve as energy substrates for colonocytes and are
important metabolites improving, amongst others, intestinal barrier
disruption and inflammation.** Meat, and especially red meat, is
a source of dietary sulphur, which is fermented into hydrogen sul-
phide in the gut. Hydrogen sulphide is proposed to impair the intes-
tinal barrier by degrading the mucus layer by reducing the disulphide
bonds®! and in UC to inhibit butyrate production.®? Furthermore,
several food additives are reported to affect intestinal permeability
and/or immunity.®*%* Although the above-mentioned studies focus
merely on elements of a Western diet, it nevertheless shows the im-
portance of the role that nutrition could play in the pathophysiology
of IBD.

As habitual dietary intake may differ between regions, it is
of interest to take different geographical regions into account in
dietary pattern analysis.” When assessing the results of the FFQs,
differences in the habitual dietary intake between our cohorts were
found. A lower energy intake in the Northern cohort was observed,
which could not be statistically explained by the fact that this co-
hort includes more females. Therefore, sex, energy and cohort were
included in the regression models. Moreover, all macronutrients
[total, plant and animal protein, fat, carbohydrates and alcohol]
are higher in the Southern compared to the Northern cohort and
intakes for the majority of food groups differed as well. Besides,
differences in baseline characteristics were found between the two
cohorts. This included, among others, known disease modifiers
[L4: upper Gl-disease; and P: perianal disease] indicating worse
disease extent, as well as a more frequent use of biologicals in the
Southern cohort. This may have contributed to the longer time to
flare as observed in the Northern cohort. Moreover, in the Cox
proportional hazard regression analysis, flare development was
also positively associated with female sex, but an interaction be-
tween dietary pattern and gender was not found. This finding is
in line with another prospective follow-up study in IBD patients.®
However, data regarding the influence of sex on disease course are
conflicting.®® In explorative analyses, comparable dietary patterns
were found in the two separate cohorts, pointing to the robustness
of the findings. Because the sample sizes might be too small for
Cox regression subanalysis and therefore warrants careful inter-
pretation, we choose not to show these subanalyses but included,
for example, study cohort as well as gender and disease phenotypes
as confounders in the Cox regression analysis instead. A post-hoc
power calculation was conducted after PCA,*” using an alpha of
0.05 and a power of 80% [using the R package powerSurvEpi
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version 0.1.0]. It demonstrated our sample size to be sufficient, but
we acknowledge that the exact sample size that is needed can be
different from the power analysis.®

Some limitations of the present study should be acknowledged.
Both FFQs were administered only at time of inclusion, representing
the habitual dietary intake of the preceding month. Hence, changes
in dietary habits during follow-up, which can be due to active dis-
ease, cannot be ruled out. Nevertheless, FFQs are an appropriate

tool to assess longer-term habitual dietary intake,'

and patients
were included throughout the year limiting seasonal influences.
Furthermore, reliability between the FFQs was not checked be-
cause both were derived from the same FFQ, were developed by the
same research group and have substantial overlap [Supplementary
Table 1]. In addition, only four patients were classified as under-
reporters and were excluded based on the lower energy cut-off.
Two of these patients would have been excluded nonetheless for
having active disease at baseline. Therefore, our approach is ex-
pected to have little impact on the outcome. Besides, in this study
food groups were defined based on the corresponding categories
as used in the Dutch Food table,* which sometimes leads to com-
bining potentially healthy and unhealthy foods in the same cat-
egory. It should be noted that more detailed food grouping could be
relevant in future studies. Finally, an inevitable limitation in [nutri-
tional] epidemiology is reverse causality; no causality between the
found association on flare occurrence and dietary patterns can be
claimed. These findings may also reflect a dietary change in intake
made by patients due to symptoms and stress the need for repeated
assessments in future longitudinal studies. As mentioned before,
PCA results are always based on arbitrary choices of the defined
food groups.

The strength of the present study is the combination of two
large, geographically distinctive, IBD outpatient cohorts with
2-year longitudinal clinical follow-up. To our knowledge, there are
no longitudinal studies analysing the association between dietary
patterns [not habitual intake of food items or food groups] in
combination with development of flares in IBD patients. Because
endoscopic reviewing all flares is not feasible and expedient in
daily clinical practice, this study utilizes the best possible robust
alternatives to capture flares. Furthermore, two comparable semi-
quantitative FFQs were used to assess dietary intake. The iden-
tification of similar patterns in each cohort separately further
strengthens the robustness of our findings. In addition, the robust
PCA, to reduce the influence of outliers,* strengthen our findings
of the first two derived patterns and their HRs with flare occur-
rence, although the significance of the first dietary pattern with
flare risk was lost. This study indicates the relevance of studying
the association between dietary patterns and flare occurrence, even
though classifying food items in groups is not always easy. Before
recommendations for daily clinical practice can be provided, it is
important that these findings are confirmed in larger, longitudinal
studies, determining habitual dietary intake repeatedly. In the pre-
sent study, none of the dietary patterns was found to be protective
for flare occurrence. Mechanistic studies on the first dietary pat-
tern can help us to understand the pathophysiology and form the
basis for the development of a possible beneficial diet, which sub-
sequently can be studied in intervention trials.

To conclude, a dietary pattern characterized by intake of grain
products, cooking oils and fats, potatoes, processed meat, red meat,
condiments and sauces, and sugar, cakes and confectionery, which
can be regarded as a ‘traditional [Dutch]’ or variant of a ‘Western’

dietary pattern, was associated with development of flares. These
findings should be confirmed in larger studies and contribute to the
evidence needed for the development of future prospective longitu-
dinal studies, randomized controlled trials and dietary guidelines for
patients in the future.
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