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Background:  Inflammatory  bowel  disease  (IBD) patients  are  at risk  of an impaired  nutritional  status.  The
impact  thereof  on  the  IBD  relapse  risk is  clinically  relevant,  though  sparsely  investigated.
Aim:  The  aim  was  to explore  the  association  between  an  impaired  nutritional  status  risk  and  the  occur-
rence  of  disease  flares  in  IBD  outpatients  participating  in  a longitudinal  telemedicine  study.
Methods:  IBD  outpatients  were  recruited  from  the  myIBDcoach  study  cohort,  with  one year  clinical  follow-
up. Through  myIBDcoach,  a telemedicine  tool,  patients  reported  on disease  activity  and  risk  of  impaired
nutritional  status  (i.e.  Short  Nutritional  Assessment  Questionnaire  >1 and/or  BMI  <  18.5  kg/m2) every  one
to three  months.  Data  was  analysed  by generalized  estimating  equation  modelling.
Results:  In  total, 417 patients  were  included.  During follow-up,  49 patients  (11.8%)  flared  after  initial

clinical  remission  and  53  patients  (12.7%)  showed  an increased  risk  of  impaired  nutritional  status.  The
risk of  impaired  nutritional  status  was  associated  with  flare  occurrence  (OR 2.61  (95%  CI 1.02–6.69)).
Conclusions:  The  risk  of  an  impaired  nutritional  status  was  associated  with  subsequent  flares  in IBD
outpatients.  This  emphasizes  the importance  of  monitoring  disease  activity  in IBD  patients  at  risk  of
impaired  nutritional  status.

 Gast
©  2019  Editrice

. Introduction

Inflammatory bowel disease (IBD) is a chronic inflammatory dis-
ase of the gastrointestinal tract, with Crohn’s disease (CD) and
lcerative colitis (UC) as main subtypes. The disease course is char-

cterized by a wide variation in duration and frequency of relapsing
nd quiescent periods between patients. Several factors have been
ssociated with relapse risk, such as a high frequency of flares
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aastricht University Medical Centre+, PO Box 5800, 6202 AZ, Maastricht, The
etherlands.
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within the first year of diagnosis [1,2], poor medication adher-
ence [3], and active smoking in CD patients [4]. However, these
do not sufficiently predict the disease course. Identification of fur-
ther factors contributing to the development of relapses is therefore
warranted.

IBD patients are at risk of an impaired nutritional status due to
disease related changes in absorption and/or requirements, often
in combination with an unbalanced dietary intake [5]. Reported
prevalences range from 16 to 75% in IBD patients [6–8]. The varia-
tion may  be due to heterogeneity in study methods and definitions

used for defining an impaired nutritional status, in many publi-
cations often referred to as malnutrition. Defining malnutrition
remains challenging. Therefore, the American Society of Parenteral
and Enteral Nutrition (ASPEN) recommends diagnostic characteris-
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ics to identify malnutrition in adults, by which two of the following
ix criteria need to be fulfilled: i.e. low energy intake, weight
oss, loss of muscle mass, loss of subcutaneous fat, fluid accumu-
ation, and handgrip strength [9]. However, validated screening
ools to identify patients at risk of malnutrition, such as the Short
utritional Assessment Questionnaire (SNAQ) and the Malnutri-

ion Universal Screening Tool (MUST), are more often used, since
hese are less time consuming [10].

An impaired nutritional status may  impact disease course. Mal-
utrition, defined by the Subjective Global Assessment, which is a
utritional assessment instrument, has been found to be related
o a diminished quality of life in hospitalized patients with IBD
11]. In addition, radiologically assessed loss of muscle mass was
ound to be associated with an increased risk of intestinal resection
nd postoperative complications in IBD patients [12–15]. Further-
ore, higher disease activity was associated with a lower skeletal
uscle index among UC patients [13]. In previous cross-sectional

nd longitudinal studies, active disease was reported to affect body
omposition in both CD and UC patients [16–18]. However, both
D and UC patients with quiescent disease can also suffer from an
ltered body composition (i.e. fat mass and fat free mass) [19,20].
urthermore, in a prior study, the nutritional status of recently
iagnosed IBD patients was shown to be affected negatively in a
rior study [21]. It can thus be hypothesized that an impaired nutri-
ional status could be a risk factor for the development of disease
ctivity. Therefore, as an explorative study, we aimed to analyse
hether the risk of an impaired nutritional status was associated
ith flare occurrence in quiescent IBD outpatients in a longitudinal,

bservational study.

. Materials and methods

.1. Study design

For the present longitudinal study, available data from the myIB-
coach study was used in an explorative analysis. MyIBDcoach is a

elemedicine tool, accessible on a secured webpage through com-
uter, tablet or smartphone, for the monitoring of IBD patients at
ome [22]. In the myIBDcoach trial, the effect of disease moni-
oring with myIBDcoach on healthcare utilization and quality of
are was investigated. All consecutive IBD patients between 18–75
ears, with sufficient knowledge of the Dutch language and internet
ccess, from two tertiary referral centres and two non-academic
ospitals in the Netherlands were eligible for inclusion for this
rial and randomized in the myIBDcoach or standard care group.
ll patients had an established diagnosis of CD or UC, fulfilling the

nternational diagnostic criteria [23].
Every single month, patients in the telemedicine arm completed

onitoring modules, comprising questions on disease activity, use
f medication, smoking status, weight, and malnutrition risk based
n the SNAQ. If a patient achieved remission (i.e. low clinical activity
or three consecutive months), patients were allowed to complete
he monitoring module once every three months. The study design
s described in detail elsewhere [24].

The myIBDcoach study was approved by the Medical Research
thics Committee of the Maastricht University Medical Cen-
re+ (NL47697.068.14) and registered at ClinicalTrials.gov
NCT02173002) and the study protocol conformed to the pro-
isions of the declaration of Helsinki. All patients gave written
nformed consent prior to participation [22,24].

Patients who were randomized to the myIBDcoach intervention

roup were included in the present study. Baseline characteris-
ics (e.g. height, disease phenotype, duration, and medication use)
ere extracted from patient files using standardized registration

orms. During the 12 months of follow-up, information on weight
ver Disease 51 (2019) 1265–1269

(to determine BMI), disease activity by a symptom-based patient
reported outcome measure (the Monitor IBD At Home (MIAH)
questionnaire [25]), and risk for malnutrition (by the SNAQ) was
obtained every one to three months.

In line with the myIBDcoach trial, disease activity (flares) were
defined as clinical symptoms indicative of disease activity (i.e. pos-
itive score on the Monitor IBD At Home (MIAH) questionnaire
[25,26] or increased symptoms during outpatient visits) in com-
bination with either a concurrent faecal calprotectin >250 �g/g,
or disease activity on endoscopy, magnetic resonance imaging, or
computed tomography. In daily clinical practice, in case of clinically
severe symptoms suggestive of IBD disease activity, the treat-
ing physician occasionally judged these symptoms to be evident
enough to adjust therapy. Therefore, to capture all flares, also symp-
toms indicative of disease activity resulting in dose escalation or
initiation of a new drug were defined as disease activity [22]. Oth-
erwise patients were considered to be in remission.

The SNAQ was developed as a non-invasive screening tool to
assess malnutrition in both in- and outpatient settings [27,28]
and comprises of three questions, i.e. unintentional weight loss
over a predefined time period (depending on weight loss: 2 or 3
points), experience of decreased appetite during the last month
(1 point), and/or use of supplemental drinks or tube feeding dur-
ing the last month (1 point). For the present study, the risk of an
impaired nutritional status was  defined as a SNAQ ≥ 2 points and/or
BMI < 18.5 kg/m2. Both parameters were determined every one to
three months.

2.2. Statistical analysis

Numerical variables were presented as means with correspond-
ing standard deviation (SD) and categorical variables as numbers
with percentages. Baseline characteristics were compared between
groups (patients who relapse versus patients who do not relapse)
by the independent samples t-test for numerical variables, and
Chi-square test or Fisher’s exact test when appropriate, for cat-
egorical variables. Generalized estimating equations model was
used to identify an association between the risk of impaired nutri-
tional status and the development of flares in the following three
months. This method accounts for repeated measures within the
same patient, with an unstructured covariance pattern.

At each time-point of measurement, flare status (yes/no), as well
as the risk of impaired nutritional status (yes/no) was  recorded.
In patients with quiescent disease, the first three months were
excluded from the analyses to prevent potential carry over effects
of histological inflammation in clinical inactive patients at time of
inclusion. When active disease was present at inclusion or during
follow up, the following six months were excluded from the analy-
ses as a wash out period, and to start the follow-up from a remissive
state onwards.

For the generalized estimating equations model, all positive val-
ues on the risk of an impaired nutritional status in the three months
preceding a flare were regarded as possible predictors.

Since we aimed to assess the prospective association, the risk
of an impaired nutritional status measured at the same measure-
ment moment as a flare was  not considered as a predictor. Since
patients were able to complete the questionnaires either every
single or every three months, the flare status was determined for
the subsequent three months after the risk of an impaired nutri-
tional status was assessed. The generalized estimating equations
model was adjusted for potential confounding effects of sex, dis-

ease phenotype, disease duration at inclusion, and smoking status
at inclusion. Two-sided P-values ≤0.05 were considered statisti-
cally significant. Statistical analysis was  performed using IBM SPSS
statistics for Windows, Version 22 (IBM, Armonk, NY).

http://ClinicalTrials.gov
http://ClinicalTrials.gov
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Table  1
Patient characteristics, stratified by occurrence of disease flares.

Relapsers (n = 49) Non-relapsers (n = 368) p-Value

Crohn’s disease n (%) 26 (53.1) 222 (60.3) 0.331
Male,  n (%) 15 (30.6) 158 (42.9) 0.100
BMI  (kg/m2), mean (SD) 25.37 (4.3) 25.14 (4.0) 0.705
Montreal at diagnosisa

Age (CD & UC) 0.600
A1,  <17 years, n (%) 8 (16.3) 60 (16.3)
A2,  17–40 years, n (%) 26 (53.1) 219 (59.5)
A3,  >40 years, n (%) 15 (30.6) 89 (24.2)
Disease location (CD) 0.741
L1, ileal, n (%) 7 (26.9) 73 (32.9)
L2,  colonic, n (%) 6 (23.1) 55 (24.8)
L3,  ileocolonic, n (%) 13 (50.0) 94 (42.3)
Disease behaviour (CD) 0.958
B1,  non-stricturing non-penetrating, n (%) 16 (61.5) 134 (60.6)
B2,  stricturing, n (%) 7 (26.9) 57 (25.8)
B3,  penetrating, n (%) 3 (11.5) 30 (13.6)
Disease extent (UC) 0.768
E1,  proctitis, n (%) 2 (8.7) 19 (12.8)
E2,  left-sided, n (%) 10 (43.5) 69 (46.3)
E3,  pancolitis, n (%) 11 (47.8) 61 (40.9)
Age  at inclusion (years), mean (SD) 46.08 (15.2) 43.95 (13.7) 0.313
Disease duration at inclusion (years), mean (SD) 13.45 (10.9) 13.39 (10.4) 0.971
Active disease at inclusion, n (%) 4 (8.2) 28 (7.6) 0.908
Medication use at inclusion 0.434
No  medication/5-ASA, n (%) 15 (30.6) 142 (39.3)
Immunomodulators, n (%) 16 (32.7) 93 (25.8)
Biologics, n (%) 18 (36.7) 126 (34.9)
Current smoking at inclusion, n (%) 1 (2.0) 65 (17.7) 0.005b

n, number of patients / SD, standard deviation / BMI, body mass index / 5-ASA, 5-aminosalicylic acid.
a
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Table 2
Multivariable generalized estimating equations model: association between
impaired nutritional status risk in IBD and disease flares.

OR 95%-CI p-value

Impaired nutritional status 2.61 1.02-6.69 0.046b

UC phenotype 1.43 0.78–2.65 0.251
Sex, female 2.12 1.08–4.15 0.029b

Active smokera 0.14 0.02–0.97 0.047b

Disease durationa 1.01 0.98–1.04 0.642

OR, Odds ratio / 95%-CI, 95%-Confidence interval.
According to the Montreal classification [45].
b p-Value below 0.05.

. Results

In total, 465 IBD patients were allocated to the intervention
roup in the myIBDcoach trial [22]. Patients who were not eligible,
.e. never started using the application, never achieved a period of
emission or were lost to follow-up for other reasons were excluded
rom further analyses. Finally, 417 patients were included in the
resent study.

Baseline characteristics at inclusion, stratified by flare status
uring follow up, are presented in Table 1. During follow-up, 49
11.8%) individual patients (CD = 26, UC = 23) experienced a flare
fter initial remission. Less active smokers were found among those
hat relapsed during follow-up compared to the ‘non-relapsers’
p = 0.005). No other differences in baseline characteristics were
ound between these groups.

At inclusion, six (1.4%) patients had a BMI  < 18.5 kg/m2, 216
51.8%) patients had a BMI  of 18.5–25 kg/m2, 147 (35.3%) patients
ad a BMI  of 25–30 kg/m2, and 48 (11.5%) patients had a
MI  > 30 kg/m2. In total, 53 (12.7%) individual IBD patients were at
isk of an impaired nutritional status based on a positive SNAQ score
n = 45), BMI  < 18.5 kg/m2 (n = 5), or both (n = 3) during follow-up.

In the generalized estimating equations analyses, the risk of an
mpaired nutritional status was found to be associated with the
ccurrence of a flare in the following three months (OR 2.61 (95%
I 1.02–6.69, p = 0.046)). Furthermore, in this model female sex (OR
.12 (95% CI 1.08–4.15, p = 0.029)) was also identified as a risk factor
or the development of a flare, while active smoking showed a neg-
tive association (OR 0.14 (95% CI 0.02-0.97, p = 0.047)) (Table 2).
n the generalized estimating equations model, medication use at
ime of inclusion was not incorporated as confounder due to the

mall number of relapsing patients during follow up. When medica-
ion use at time of inclusion was added to the model, a comparable
ncreased risk was found (OR 2.48 (95% CI 0.96–6.41, p = 0.061)),
hough not significant.
a At inclusion.
b p-Value below 0.05.

4. Discussion

In this longitudinal study in daily practice, the risk of an impaired
nutritional status, defined by a positive SNAQ or BMI  < 18.5 kg/m2,
was found to be associated with the occurrence of a flare.

IBD patients are at risk of an impaired nutritional status due to
disease related changes in absorption and/or requirements, espe-
cially during active inflammation, often in combination with an
unbalanced dietary intake [5]. An impaired nutritional status is
thereby a consequence of the disease, although it may  also further
impact disease course. Previous studies reported that a decreased
skeletal muscle index increased the risk of an intestinal resection
in hospitalized CD patients with an exacerbation [12], increased
the need for colectomy in UC patients [13], predicted the need
for rescue therapy in acute severe UC patients [29], was associ-
ated with postoperative complications [14,15], and with anti-TNF
treatment failure in IBD patients [30]. An impaired nutritional sta-
tus may  contribute to the development of a flare or worse disease

outcome by malnutrition induced changes in the immune system
leading to altered GI hormone secretion (e.g. leptin), changes in
immune cell populations, and/or increased intestinal permeability
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31–34]. A mice study on the effects of fasting showed, for example,
hat changes in immune response occur rather early after induc-
ng nutritional deficiencies [32]. After 48 h, activated T cells from
asted mice showed decreased ability to secrete IL-2 and IFN-y
hen compared with control fed mice. A vicious circle may  develop

n which an impaired nutritional status and intestinal inflammation
ffect each other. Furthermore, malnutrition is found to affect the
icrobiota composition and activity, and thereby may  also impact

isease course [35]. To our knowledge, the current study is the first
o specifically analyse the association of impaired nutritional sta-
us risk on subsequent flare occurrence. Future studies should also
ddress potential underlying mechanisms.

In the present study, the SNAQ in combination with BMI  was
sed as screening method for risk of an impaired nutritional status,
ince the SNAQ alone may  lead to underreporting in an outpatient
etting [36]. The SNAQ and MUST both contain questions on unin-
entional weight loss and food intake. In contrast to the SNAQ, a low
MI  (18.5–20 or <18.5 kg/m2) is taken into account in the MUST
uestionnaire. The MUST may  however lead to overreporting of
atients at risk in the outpatient setting [36]. Therefore, in line
ith one of the diagnostic criteria for malnutrition by the European

ociety for Clinical Nutrition and Metabolism (ESPEN) [10], only a
MI  < 18.5 kg/m2 was added to the SNAQ to capture all patients at
isk of impaired nutritional status in the current study. Fifty-three
atients were at risk of an impaired nutritional status during fol-

ow up, of which the majority of the patients (n = 45) had a positive
NAQ in combination with a BMI  > 18.5 kg/m2, five patients had a
MI  < 18.5 kg/m2 and a negative SNAQ, and three patients had both

 positive SNAQ score and a BMI  < 18.5 kg/m2.
The overall distribution of our patients over the different weight

ategories (according to the World Health Organization definitions)
37] were comparable with percentages of overweight and obe-
ity in a representative healthy population in South-Limburg, a
rovince in the Netherlands [38]. The majority of the IBD patients

n the present study had a normal BMI  (51.8%) while a significant
roportion was overweight (35.3%) or obese (11.5%). Due to an
nfavourable fat-muscle ratio, which is not necessarily reflected by
MI, it cannot be excluded that patients with a BMI  18.5–25 kg/m2

o have a decreased muscle mass and are thereby at risk of impaired
utritional status.

A commonly used model for analysing the body composition is
he two-compartment model in which body weight is subdivided
n fat mass and fat free mass. Skeletal muscle mass represents a
arge proportion of the fat free mass. Prior studies reported that
hanges in fat free mass, are not always captured by malnutrition
creening questionnaires in IBD patients [20,39]. This underlines
he necessity in future studies to combine a malnutrition screening
uestionnaire with a simple, non-invasive body composition anal-
sis, and also, to incorporate changes in fat free mass for timely
dentification of patients at risk. A technique which can be con-
idered is the handgrip strength, as parameter of muscle strength
40].

In the present study, flare development was also found to be
ositively associated with female sex and negatively with smoking
tatus at time of inclusion. In CD for example, smoking is found
o increase the risk of a flare, whereas in UC smoking cessation
s [41]. Our finding may  be affected by analysis of the total IBD
opulation. Separate analyses for CD and UC were not performed
ue to the limited sample size, but should be taken into account in
uture studies.

A major strength of the present study is the longitudinal design
f the study in a relatively large, unselected outpatient study popu-

ation. The study population was found to be representative for the
eneral IBD population in the South Limburg area [22,42]. Further-
ore, by the use of telemedicine, disease activity, and malnutrition

creening risk were measured repeatedly and standardized. How-
ver Disease 51 (2019) 1265–1269

ever, some limitations of this study should be addressed. For the
present explorative study, available data from the myIBDcoach
study was  used. Therefore, no sample size calculation has been
performed, and we  were not able to correct for all potential con-
founders for flare development, such as prior surgery, time since
last flare, and prior smoking status. The present study shows a
significant association between impaired nutritional status risk
and flare occurrences in the entire IBD cohort. Separate analy-
ses for CD and UC were not performed due to a small number of
patients. However, these analyses are of interest since factors influ-
encing flare occurrence may  differ between these phenotypes, and
should be included in future studies. Furthermore, ongoing his-
tological inflammation at time of inclusion and during follow up
cannot be completely excluded, since disease activity was moni-
tored by clinical parameters. However, to prevent carry over effects
of histological inflammation, the first three months from patients
with quiescent disease were excluded from the analyses. Finally, it
should be taken into account that flares can be affected by enteral
nutrition, particularly in CD [43]. However, in the present study,
use of enteral nutrition was limited and was  not found to impact
our findings (data not shown).

The aim of the present explorative study was to investigate an
association between the risk of an impaired nutritional status and
flare occurrence. In clinical practice, it has already been shown that
early treatment of malnourished inpatients for any disease or oper-
ation, based on screening, leads to a shorter length of hospital stay
and is cost-effective [44]. Since this is the first longitudinal study
analysing the association of impaired nutritional status risk on
flare occurrences, our results should be confirmed in other cohorts.
Larger longitudinal studies on the impact of an impaired nutritional
status risk, incorporating body composition analysis and muscle
strength, and taking confounders and separate analysis for CD and
UC into account, are of special interest to confirm the actual effect
on disease activity. Additionally, studies on timely dietary and/or
physiotherapy interventions, aiming to improve nutritional status
and treatment outcome are warranted.

In conclusion, in the present longitudinal observational study,
we found an association between the presence of the risk of an
impaired nutritional status and IBD flare occurrence. This empha-
sizes the importance of monitoring disease activity in IBD patients
at risk of an impaired nutritional status.
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