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Abstract
Malnutrition is a frequent feature in Crohn’s disease (CD), affects patient outcome and must be recognised. For chronic inflammatory diseases,
recent guidelines recommend the development of combined malnutrition and inflammation risk scores. We aimed to design and evaluate a new
screening tool that combines both malnutrition and inflammation parameters that might help predict clinical outcome. In a prospective cohort
study, we examined fifty-five patients with CD in remission (Crohn’s disease activity index (CDAI) <200) at 0 and 6 months. We assessed disease
activity (CDAI, Harvey–Bradshaw index), inflammation (C-reactive protein (CRP), faecal calprotectin (FC)), malnutrition (BMI, subjective global
assessment (SGA), serum albumin, handgrip strength), body composition (bioelectrical impedance analysis) and administered the newly
developed ‘Malnutrition Inflammation Risk Tool’ (MIRT; containing BMI, unintentional weight loss over 3 months and CRP). All parameters were
evaluated regarding their ability to predict disease outcome prospectively at 6 months. At baseline, more than one-third of patients showed
elevated inflammatory markers despite clinical remission (36·4% CRP ≥5mg/l, 41·5% FC ≥100 µg/g). Prevalence of malnutrition at baseline
according to BMI, SGA and serum albumin was 2–16%. At 6 months, MIRT significantly predicted outcome in numerous nutritional and clinical
parameters (SGA, CD-related flares, hospitalisations and surgeries). In contrast, SGA, handgrip strength, BMI, albumin and body composition had
no influence on the clinical course. The newly developed MIRT was found to reliably predict clinical outcome in CD patients. This screening tool
might be used to facilitate clinical decision making, including treatment of both inflammation and malnutrition in order to prevent complications.
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Malnutrition is a frequent problem in patients with Crohn’s
disease (CD). Causes are multiple and include anorexia,
reduced intestinal absorption, intestinal nutrient loss, drug
interactions and small bowel resections. During active disease,
up to 75% of patients are affected(1), contributing to increased
morbidity and mortality(2). It affects patients’ quality of life and
outcome and must be treated(3,4).
Recognition of malnutrition is not standardised, and no

screening tool exists specifically for inflammatory bowel
diseases (IBD). Furthermore, in chronic inflammatory diseases
such as CD, inflammation plays a central role in the patho-
physiology of disease-related malnutrition. Inflammation in
malnutrition limits the effectiveness of nutritional therapy and
requires treatment of the underlying disease. None of the tools
recommended by the European Society for Clinical Nutrition
and Metabolism (ESPEN) and the American Society for
Parenteral and Enteral Nutrition (ASPEN), such as the Nutri-
tional Risk Screening (NRS-2002), Malnutrition Universal
Screening Tool (MUST) or the subjective global assessment

(SGA), contains inflammatory markers, although both ESPEN
and ASPEN recently postulated an aetiology-based definition of
malnutrition and define ‘chronic disease-related malnutrition’ as
a separate category(5,6). ESPEN recommends MUST in the
ambulatory care setting. However, evidence is lacking that
MUST has influence on clinical outcome in this group of
patients. The aim of the present study was to develop an
easy-to-use screening tool for the ambulatory care setting that
combines malnutrition and inflammation parameters. We eval-
uated its potential to predict disease outcome in patients with a
chronic inflammatory condition.

Methods

Study participants

Between September 2012 and July 2013, we included fifty-five
patients diagnosed with CD according to standard criteria.
Participants were recruited from the outpatient IBD clinic at the
Department of Gastroenterology and Hepatology of the Charité,

Abbreviations: CD, Crohn’s disease; CDAI, Crohn’s disease activity index; CRP, C-reactive protein; FC, faecal calprotectin; HBI, Harvey–Bradshaw index; MIRT,
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Universitätsmedizin, Berlin. Inclusion criteria were Crohn’s
disease activity index (CDAI) <200, age 18–75 years, occur-
rence of relapse/flare-ups, intestinal complication or hospitali-
sation within the last 2 years, endoscopic diagnosis to identify
disease location and behaviour within the last 2 years. Exclu-
sion criteria were presence of cancer or other severe disease,
pregnancy or lactation, high-dose systemic corticosteroid
treatment within 3 months before study entry, presence of
stoma or short bowel syndrome and BMI <17·5 or <20 kg/m2

plus severe weight loss (>10% within previous 6 months before
study entry), as these conditions would have implicated direct
nutritional treatment.

Study protocol

In a prospective cohort study, we examined the patients twice:
at baseline and after 6 months. The following data of CD
patients were obtained: sex, age, disease localisation and
behaviour according to the Montreal classification(7) and drug
treatment at baseline. During the study period, they were asked
to fill out a detailed protocol regarding any kind of disease-
related complications and changes in CD medication. The fol-
lowing investigations were performed on both study days (for
detailed description see below): calculation of disease activity,
blood and stool analysis, and assessment of nutritional status
and body composition. We, furthermore, collected data on CD-
related events (doctor visits, complications such as stenosis,
fistula or abscess, hospitalisations, flares, surgery and changes
in medications; for definitions see Table 1). In addition, each
event was scored (points ranging from −1 to +5) and integrated
into a composite assessment (Table 1).

Clinical disease activity

To assess disease activity, we used the CDAI(8) as well as the
Harvey–Bradshaw index (HBI)(9). The CDAI is the established
gold standard for assessing disease activity. Main components
of the CDAI are patient-reported symptoms such as diarrhoea,
abdominal pain and overall well-being referring to the last week
before assessment. Furthermore, it includes, for example, the
presence of extra-intestinal manifestations, haematocrit and

ratio of actual body weight:standard body weight. The HBI,
which has shown good correlation with the CDAI, is a shorter
version and simpler to use(10).

Laboratory parameters

Venous blood samples were obtained from all patients after an
overnight fast. Albumin, C-reactive protein (CRP) and blood
count (leucocytes, hb) were analysed at the routine laboratory.
For analysis of faecal calprotectin (FC), forty-one patients at
baseline and thirty-seven patients after 6 months provided faecal
samples on the day or the day before the examination. The
samples were frozen at −20°C until analysis in the laboratory for
endocrinology of the Charité, Universitätsmedizin, Berlin. FC was
analysed in duplicate using the kit PhiCal® Calprotectin-ELISA-
Kit (MRP 8/14, stool; Immundiagnostik AG). The reference
values given by the manufacturer were <50 µg/g. Assays were
applied according to the manufacturers’ instructions.

Malnutrition

Subjective global assessment(11). The SGA combines ana-
mnestic data with a physical examination. Medical history
included weight and weight changes, nutritional intake, gas-
trointestinal symptoms and state of disease. The physical
examination focused on loss of subcutaneous fat, muscle
atrophy, oedema and ascites. The patient was then classified
into category A (well nourished), B (mild-to-moderately
malnourished) or C (severely malnourished).

Anthropometry. Height and weight were assessed using the
digital stadiometer 274 (Seca), and BMI was calculated as body
weight (kg)/body height (m2).

Bioelectrical impedance analysis. We used the medical Body
Composition Analyzer (mBCA) seca 515 (Seca) and the
corresponding software seca analytics mBCA 115. Measure-
ments were taken in subjects after an 8-h overnight fast, voiding
of the urinary bladder and standing upright for at least 10min.

Table 1. Clinical parameters collected prospectively (summarised in a composite assessment)

Criteria Explanation Points

CD-related doctor visits IBD clinic, general practitioner, emergency department +1/visit
Complications Newly occurred stenosis, fistula or abscess +3/complication
CD-associated hospitalisation +1/d
Flare-up/relapse +5/relapse
CD-related surgery +5/surgery
Changes in CD medication ↑ Prednisolone +1

↑ Anti-TNF agents +1
↑ Immunosuppressants +1
↓ Prednisolone −1
↓ Anti-TNF agents −1
↓ Immunosuppressants −1
Intake of antibiotics >2 d +2
Regular intake of NSAID +1

Sum

CD, Crohn’s disease; IBD, inflammatory bowel diseases; NSAID, non-steroidal anti-inflammatory drug (e.g. aspirin, diclofenac and
ibuprofen; not 5-aminosalicylic acid/mesalazine); assessment: values ≥5 points were evaluated as a worsening course of disease.
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Handgrip strength. Handgrip strength was recorded using the
Jamar vigorimeter (Preston). Participants were ask to sit with the
shoulder adducted, the elbow positioned on a table and flexed
to 90°. A maximal contraction of the dominant hand was
performed. This was repeated three times with a 45-s break
in between, and the highest value was recorded.

Malnutrition Inflammation Risk Tool. On the basis of
nutrition-associated data of approximately 100 CD patients of
previous studies (12,13), we developed the Malnutrition Inflam-
mation Risk Tool (MIRT) (Table 2).

Statistical considerations

Data are expressed as mean values and standard deviations if
not indicated otherwise. The Kolmogorov–Smirnov test was
used to evaluate the normal distribution of data sets. As there
was no normal distribution, we assessed differences between
groups by non-parametric Mann–Whitney U test and for more
than two groups the Kruskal–Wallis test. Linear correlations
were calculated using Spearman’s rank-order correlation coef-
ficient. Results were considered significant if P values were
<0·05. All analyses were performed using SPSS, version 22.0
(SPSS Inc., IBM).

Ethics statement

The study protocol was approved by the ethics committee of
the Charité, Universitätsmedizin, Berlin (ref. EA4/059/13).
Informed consent was obtained from all study participants
before study entry.

Results

Characteristics of Crohn’s disease patients

Demographic and clinical characteristics of the sample are
presented in Table 3 and partly in Table 4.

Inflammation and malnutrition parameters at baseline

BMI categories defined by the WHO showed 2% underweight,
56% normal weight, 29% overweight and 13% obesity. In total,
2–16% of CD patients showed signs of malnutrition according
to BMI, albumin, SGA and ‘unintended weight loss’ (Table 4).
Disease duration did not correlate with SGA. In all, twenty
patients (36·4%) had a CRP level >5mg/l. Among them, there
were two (4·0%) who showed values >50mg/l. In total,

seventeen patients (41·5%, n 41) had FC levels ≥100 µg/g. CRP
and FC correlated significantly (r 0·467, P= 0·002, Spearman).
In all, nine patients had albumin levels <395mg/l. Among
these, there was one patient (2·7%) whose level was <360mg/l.
There was an inverse correlation both between CRP and
albumin (r −0·344, P= 0·010, Spearman) and FC and albumin
(r −0·505, P= 0·001, Spearman). In total, nine (16·4%) patients
showed a MIRT≥ 3.

Clinical course of disease after 6 months

The clinical outcome was measured by disease activity (CDAI,
HBI), malnutrition (SGA) and the following clinical parameters
that occurred during the 6-month study period: days spent in

Table 2. Malnutrition Inflammation Risk Tool*

Points Points Points

BMI (kg/m2) >20 0 18·5–20·0 1 <18·5 2
Weight loss

3 months (%)
<5 0 5–<10 2 ≥10 3

CRP (mg/l) <5 0 5–50 2 ≥50 3

* Score: 0–8 points.

Table 3. Baseline characteristics of Crohn’s disease patients
(Absolute numbers and percentages; mean values and standard
deviations; n 55)

n %

Female 36 65·4
Age (years)

Mean 40
SD 11

Disease duration (years)
Mean 9
SD 7·7

CDAI
Mean 83
SD 52

HBI
Mean 4
SD 3

Hb (g/l)
Mean 135
SD 16

Leucocytes (g/l)
Mean 17·6
SD 2·6

Montreal classification(7)

Age
A1 2 3·6
A2 41 74·5
A3 12 21·8

Localisation
L1 10 18·1
L2 20 36·4
L3 16 29·1
L4/L4+ 2/7 3·6/12·7

Behaviour
B1 27 49·1
B2 13 23·6
B3 15 27·2
B3p 20 36·4

Drug treatment
No medication 5 9·1
Glucocorticoids

Prednisolone (<20mg/d) 10 18·2
Oral budesonide 3 5·5

Azathioprine 29 52·7
Mesalazine 4 7·3
Methotrexate 2 3·6
Anti TNF-α

Infliximab 15 27·3
Adalimumab 6 10·9

CDAI, Crohn’s disease activity index; HBI, Harvey–Bradshaw index.
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hospital, number of flare-ups diagnosed by a senior physician,
number of complications (new stenosis, fistula or abscess),
number of CD-related surgeries and changes in drug treatment
(Table 4). In addition, these parameters were summarised in a
composite assessment (see Table 1). Among all, five patients
did not attend assessment after 6 months. It was still possible to
collect data on CD-related events in three patients via telephone
interviews and electronic data; thus, data on fifty-three patients
(96·4%) were available at 6 months. In all, eleven patients
(20·8%) were diagnosed with at least one flare-up within the
study period. In addition, twelve patients (22·6%) suffered from
complications (stenosis, fistula, abscess), eleven (20·8%) were
admitted to the hospital and six (11·3%) had to undergo sur-
gery. More than one-third (39·6%) of patients suffered from one
of these four clinical conditions. Composite assessment ranged
from 0 to 67, and the mean value was 8 (SD 14).

Malnutrition Inflammation Risk Tool and outcome at
6 months

Spearman’s correlation analysis was performed between MIRT
and numerous parameters (Table 5). In this case, MIRT predicted
outcome for SGA and clinical parameters such as hospitalisa-
tions, surgeries, complications and flares. MIRT values ≥3
showed an relative risk of 4·0 (2·4–6·7) for worsening of clinical
outcomes (clinical parameters are summarised in the composite
assessment). The two components of MIRT – ‘weight loss’ and

CRP – correlated individually with various outcomes (weight
loss: complications P= 0·003, surgeries P= 0·020, composite
assessment P= 0·013; CRP: SGA P= 0·034, hospitalisation
P= 0·008, surgeries P= 0·010, composite assessment P= 0·008).
FC was also associated with clinical outcome (complications
P= 0·011, surgeries P= 0·022, composite assessment P= 0·008).
All other parameters such as SGA, albumin, BMI, body compo-
sition (phase angle) and handgrip strength had no significant
influence on all investigated outcome parameters.

Discussion

In this prospective cohort study including fifty-five patients with
CD in remission, we showed that the newly developed MIRT
predicts clinical outcome after 6 months. CRP, FC and unin-
tended weight loss proved to be independent predictive factors,
whereas BMI, handgrip strength, bioelectrical impedance ana-
lysis (BIA) and SGA did not correlate with the clinical outcome.

Course of disease

Evaluation of the clinical course in CD is a challenge, given the
complex and varying character of the disease with numerous
relevant parameters to consider. We measured established
CD- and nutrition-related end points – for example, CDAI, HBI
and SGA. However, CDAI and HBI are criticised for their low
specificity due to their emphasis on subjective parameters(14). We,
furthermore, collected data on CD-related doctor visits, disease
flare-ups, hospitalisations, surgeries and changes in CD medication.
For better overview, these data are summarised in a composite
assessment. In this case, approximately one-third (37·7%) of our
study patients (≥5 points in the composite assessment) developed
worsening of CD, which is in line with data of population-based
studies investigating the clinical course of CD(15).

Malnutrition

Data regarding nutritional status of CD patients in remission are
scarce and results are conflicting, which might be due to the

Table 4. Clinical, inflammatory and nutritional characteristics of Crohn’s
disease patients
(Mean values and standard deviations; absolute numbers and
percentages)

Baseline After 6 months

Mean SD Mean SD

Disease activity
CDAI 83 52 79 62
HBI 4 3 4 3

Inflammation
CRP (mg/l) 8·1 15·1 5·1 8·4
FC (µg/g) 168·7 230·6 297·2 363·2

Nutrition
BMI (kg/m2) 24·9 5·0 25·6 4·9
Handgrip strength (kg) 38·2 9·9 37·9 10·0
Phase angle (°) 5·0 0·6 5·1 0·6
Fat mass (kg) 23·2 10·5 24·4 10·8
Body cell mass (kg) 23·9 6·0 24·3 6·0
SGA B or C
n 7 3
% 12·7 6·0

Albumin (mg/l) 436 37 445 36
MIRT 1 1 –

Clinical parameters
Days in hospital – 1·8 5·2
Number of flare-ups – 0·3 0·8
Number of complications* – 0·7 1·7
Number of surgeries – 0·1 0·4
Composite assessment 8 14

CDAI, Crohn’s disease activity index; HBI, Harvey–Bradshaw index; CRP, C-reactive
protein; FC, faecal calprotectin; SGA, subjective global assessment; MIRT,
Malnutrition Inflammation Risk Tool.

* Occurrence of stenosis, fistula or abscess within the 6-month study period.

Table 5. Influence of Malnutrition Inflammation Risk Tool (MIRT) on
outcome parameters after 6 months

MIRT

R* P

Disease activity
CDAI 0·260 0·077
HBI 0·188 0·195

Nutrition
SGA 0·394 0·005

Clinical parameters
Hospitalisations 0·398 0·003
Flares 0·299 0·030
Complications 0·333 0·015
Surgeries 0·371 0·006
Composite assessment 0·528 <0·001

CDAI, Crohn’s disease activity index; HBI, Harvey–Bradshaw index; SGA, subjective
global assessment.

* Spearman’s correlation.

1064 I. Jansen et al.

https://doi.org/10.1017/S0007114516003044  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114516003044


lack of a standard assessment tool(12). Almost half of our
patients were either overweight or obese. This high percentage
is congruent with recent epidemiological data on CD patients in
Germany(16). Consequently, BMI alone should not be used as a
tool for detecting malnutrition, as obese patients will never
reach the threshold of <18·5 kg/m2 even in extreme catabolism.
The prevalence of malnutrition at baseline and after 6 months
was 2–16%, which is in accordance with previous studies
examining nutritional status of CD patients in remission(12,17,18).
BIA at both study days showed impaired body composition
characterised by higher fat mass and lower body cell mass
compared with previous studies(12). This could reflect a chronic
inflammatory condition. Surprisingly, handgrip strength was
higher at both times in the current study group compared with
an earlier study from our institution(12). Handgrip strength is a
simple measurement of muscle function that has high sensitivity
in detecting disease-related malnutrition. It is a good predictor
of clinical outcome measured by postoperative complications,
length of hospitalisation, decreased physical activity status and
mortality in various chronic diseases, but not in CD(19). How-
ever, in our study, handgrip strength did not correlate with
disease course and predictive value could not be confirmed.
BMI values did not show good linear correlations to clinical
outcome, but when BMI groups were compared there was a
tendency towards a less-favourable course for both patients
who were underweight and patients who were obese (data not
shown). Several studies suggest that obesity pre-destines for a
more aggressive course, as obese patients are found to suffer
more frequently from flare-ups, perianal fistulas and hospitali-
sation(20). The nutritional parameter with the highest associa-
tions with clinical outcome in our study was ‘unintentional
weight loss’. Its relevance is reflected by its use in many nutri-
tional tools (SGA, NRS-2002, Mini Nutritional Assessment,
MUST) as it is considered the best indicator for malnutrition. Its
negative influence on surgical complications in CD has been
described earlier(21). SGA, serum albumin and phase angle did
not show relevant associations with clinical course. In contrast
to this, phase angle was a reliable predictor of clinical outcome
in a recent study(22). However, this study was performed in
oncology patients, and therefore comparability with our data is
limited. Investigations regarding the predictive value of SGA
and albumin have shown higher risk of mortality, but none of
the studies were performed in patients with IBD(23,24). All these
observations show that current tools are insufficient to predict
the clinical course of CD.

Inflammation

Despite clinical remission, raised inflammatory markers were
present at baseline assessment in more than a third of patients.
This proportion is in line with other results regarding persisting
subclinical inflammation in CD(25). The CRP proved to be a
strong individual predictor of clinical outcome in our study. It
correlated with SGA, days in hospital, number of surgeries and
with the composite assessment. Its predictive potential in CD
patients has been investigated before. In a population-based
study, patients with elevated CRP had a higher risk for sur-
geries(25). On the other hand, normal CRP levels were shown to

predict better response to nutritional therapy and closing of
enterocutaneous fistulas(26). The main disadvantage of CRP is its
low specificity as an acute-phase protein. This is why research
on faecal inflammatory markers such as calprotectin and lac-
toferrin has increased. FC highly correlates with endoscopically
identified mucosal inflammation of the gastrointestinal tract(27).
It is highly used in clinical practice to diagnose, predict relapse
and control therapy(28,29). In our study, it was found to be an
independent individual predictor of clinical outcome, although
the correlations were not as strong as CRP. This might be due to
the smaller sample size of only forty-one patients who delivered
a faecal sample at baseline assessment. As we could not detect
superiority of FC over CRP, FC does not need to be integrated
in the MIRT, especially because stool collection remains a
challenge as shown in our study. However, our data underline
the importance of regularly measuring inflammatory markers to
monitor clinical course of CD.

Malnutrition Inflammation Risk Tool

The MIRT was developed as a simple tool composed of the
objective parameters BMI, unintended weight loss and CRP in
order to combine both nutrition- and inflammation-related mea-
sures. In our study, the tool proved to be highly predictive of
clinical outcome. It showed significant associations with the fol-
lowing individual clinical end points: CD-related days in hospital,
number of flares, complications (newly occurred stenosis, fistula
or abscess) and CD-related surgeries. Furthermore, it correlated
with the validated nutritional outcome SGA. Finally, it showed a
tendency towards an association with the CDAI. Nevertheless,
the relationship failed statistical significance, which might be due
to previously discussed limitations of these activity scores.

Malnutrition Inflammation Risk Tool in comparison with
standard malnutrition screening tools

The two standard tools MUST and NRS-2002 do not contain an
objective inflammatory parameter such as CRP. MUST contains
BMI, unexplained weight loss and acute illness with no nutri-
tional intake >5 d. NRS-2002 includes within the pre-screening
BMI, unexplained weight loss, reduced energy intake and also
ongoing illness. MIRT contains BMI and unintended weight loss
but also includes an inflammatory marker (CRP). In CD patients
in remission, CRP might detect a subclinical inflammation that is
relevant for disease outcome as shown in our study and others
recently(30). We therefore believe that including CRP to the
MIRT is a substantial prognostic advantage and might be in
favour of MIRT. On the other hand, MUST and NRS-2002 have
the important advantage in that no blood samples are required.
However, in CD, CRP is a standard tool used by numerous
clinicians, for example, for determining subclinical inflamma-
tion or tailoring anti-inflammatory therapy, especially with
biologics. Of course, we cannot exclude the fact that both MUST
and NRS-2002 have similar potential to predict disease out-
come, but this was not the aim of our study. Further studies
should compare the MIRT with MUST and NRS-2002 in ambu-
latory and inpatient CD patients. Of further interest would be to
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compare all three tools in other chronic diseases with high risk
of malnutrition where CRP has also shown to correlate with
clinical outcomes, such as solid tumours(31,32), liver cirrhosis(33)

and even Parkinson’s disease(34).

Limitations of the study

The main limitation of our study is the restricted comparability
of the MIRT due to our study design as the first evaluation of a
new tool. The sample size of fifty-five patients is small but
comparable with previous studies investigating nutritional status
in CD patients(12,17,18). Unfortunately, additional evaluation of
inflammation with endoscopic and histological activity mea-
sured at baseline and 6 months was not performed because of
ethical considerations. We therefore used FC that has shown
good correlation with endoscopic activity(27). CD is a complex
disease and no standard tool exists that combines all relevant
parameters to measure the course of the disease. We analysed
individual CD-related events such as flares, surgeries and hos-
pitalisations and summarised these data in a composite
assessment. The evaluation of this assessment was not intended
in the current protocol, but we tried to obtain a more realistic
CD-related outcome with integration of relevant complications
than using only standard tools such as the CDAI and HBI.
Because of the observational character of our study, the ethics
committee did not allow us to include patients with either active
disease (CDAI >200) or more severe malnutrition disease
(BMI <17·5 or <20 kg/m2 with severe weight loss of
>10%×6 months), as these patients need to undergo treatment
immediately. However, more studies evaluating the MIRT in
active CD and malnourished patients compared with MUST and
NRS-2002 should be undertaken. As we excluded patients who
were severely malnourished, we cannot exclude that other
nutritional parameters/scores such as the SGA might indeed
correlate with clinical outcomes if these patients were analysed.

Conclusions

Both malnutrition and inflammation affect disease course in CD.
MIRT was developed as an easy-to-use screening tool that com-
bines both malnutrition and inflammation parameters. MIRT pre-
dicted clinical outcome in CD patients at 6 months. Clinicians
could use MIRT on a regular basis to identify patients at risk and
adapt medical therapy to prevent patients from complications. We
hope that MIRT will be evaluated prospectively in future studies.
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