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Abstract

BACKGROUND

Malnutrition is prevalent in inflammatory bowel disease (IBD). Multiple nutrition
screening (NST) and assessment tools (NAT) have been developed for general
populations, but the evidence in patients with IBD remains unclear.

AIM

To systematically review the prevalence of abnormalities on NSTs and NATs,
whether NSTs are associated with NATs, and whether they predict clinical
outcomes in patients with IBD.

METHODS

Comprehensive searches performed in Medline, CINAHL Plus and PubMed.
Included: English language studies correlating NSTs with NATs or NSTs/NATs
with clinical outcomes in IBD. Excluded: Review articles/ case studies; use of
body mass index/laboratory values as sole NST/NAT; age < 16.

RESULTS

Of 16 studies and 1618 patients were included, 72% Crohn’s disease and 28%
ulcerative colitis. Four NSTs (the Malnutrition Universal Screening Tool,
Malnutrition Inflammation Risk Tool (MIRT), Saskatchewan Inflammatory Bowel
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Disease Nutrition Risk Tool (SaskIBD-NRT) and Nutrition Risk Screening 2002
(NRS-2002) were significantly associated with nutritional assessment measures of
sarcopenia and the Subjective Global Assessment (SGA). Three NSTs (MIRT,
NRS-2002 and Nutritional Risk Index) were associated with clinical outcomes
including hospitalizations, need for surgery, disease flares, and length of stay
(LOS). Sarcopenia was the most commonly evaluated NAT associated with
outcomes including the need for surgery and post-operative complications. The
SGA was not associated with clinical outcomes aside from LOS.

CONCLUSION

There is limited evidence correlating NSTs, NATs and clinical outcomes in IBD.
Although studies support the association of NSTs/NATSs with relevant outcomes,
the heterogeneity calls for further studies before an optimal tool can be
recommended. The NRS-2002, measures of sarcopenia and developments of
novel NSTs/NATs, such as the MIRT, represent key, clinically-relevant areas for
future exploration.

Key words: Nutrition; Inflammatory bowel disease; Ulcerative colitis; Crohn’s disease;
Screening; Outcomes research

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Malnutrition is highly prevalent amongst patients with inflammatory bowel
disease (IBD) and negatively impacts various clinical outcomes. This review highlights
the Malnutrition Universal Screening Tool, Malnutrition Inflammation Risk Tool,
Saskatchewan Inflammatory Bowel Disease Nutrition Risk Tool, Nutrition Risk
Screening 2002 and cross-sectional imaging assessments of sarcopenia as promising
nutrition screening and assessment tools in IBD. By becoming familiar with and
consistently applying these tools we can move towards early recognition, diagnosis and
management of malnutrition in clinical practice. Further research will elucidate the
optimal tools and the impact of their integration into routine practice on clinical
outcomes in IBD.

Citation: Li S, Ney M, Eslamparast T, Vandermeer B, Ismond KP, Kroeker K, Halloran B,
Raman M, Tandon P. Systematic review of nutrition screening and assessment in
inflammatory bowel disease. World J Gastroenterol 2019; 25(28): 3823-3837

URL: https://www.wjgnet.com/1007-9327/full/v25/i28/3823.htm

DOI: https://dx.doi.org/10.3748/wjg.v25.i28.3823

INTRODUCTION

Malnutrition is highly prevalent in inflammatory bowel disease (IBD); present in up
to 70% of patients with active disease and up to 38% of patients in remission!l.
Closely related to malnutrition, sarcopenia is a syndrome defined by the presence of
low muscle mass and either decreased muscle strength or physical performance!.
Sarcopenia and malnutrition represent separate entities but often overlap; notably, the
Global Leadership Initiative on Malnutrition, American Society for Parenteral and
Enteral Nutrition and European Society for Clinical Nutrition and Metabolism
(ESPEN) include components of reduced muscle mass and impaired muscle function
in their respective consensus definitions of malnutrition™".

In patients with IBD, sarcopenia and malnutrition have been associated with
increased hospitalizations, disease flares, need for surgery, and post-operative
complications®"l. Early identification of malnourished patients using a two-step
approach of nutritional screening and subsequent assessment!’! may allow for earlier
intervention and impact on clinical outcomes!*"’l. Recent data from Zhang et all""!
showed fewer major complications in patients who received peri-operative enteral
nutrition than those who did not (6.5% vs 29%, P = 0.045). In line with these findings,
ESPEN recommends implementing nutrition support therapy in malnourished peri-
operative patients with IBD!".

Nutritional risk screening (NRS) is a process to predict those at risk of malnutrition
so that they can be referred to a registered dietitian (RD) for detailed nutritional
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assessment and intervention. Nutrition screening tools (NSTs) (i.e., the malnutrition
universal screening tool, MUST) are rapid evaluations that can be completed by any
member of the medical team whereas nutrition assessment tools (NATSs) (i.e., the
subjective global assessment, SGA) are usually more detailed and require greater
specialized resourcesl’l. As recent studies have demonstrated a close relationship
between malnutrition and sarcopenia, many expert groups now incorporate measures
of lean muscle mass within the definition of malnutrition!'”*’l. For the purposes of our
review, measurements of lean muscle mass and sarcopenia will be classified as a
NAT.

To date, there are no published recommendations that exist for use of a specific
NST or NAT in IBDU'“'5211. Although there have been isolated reviews of sarcopenia in
IBD™™, a practical approach to nutrition screening and treatment is more extensive
than sarcopenia assessment alone. Given the current lack of consensus, high
prevalence and the significant health and economic burden of malnutrition in IBD, we
performed a systematic review of the available literature surrounding NSTs and
NATs for IBD patients, including sarcopenia. In patients with IBD, our aims were to
provide a descriptive overview of: (1) The prevalence of abnormalities on NSTs and
NATs; (2) Whether the findings on NSTs are associated with abnormalities on NATs;
and (3) Whether NSTs or NATs are associated with clinical outcomes. Evidence of
clear associations between NSTs and NATs may simplify the nutrition care process,
allow for much needed risk stratification and targeted use of limited dietitian
resources.

MATERIALS AND METHODS
Data sources/search strategy (Appendix S1)

The initial literature review was completed on December 20, 2017 using the following
databases: National Institutes of Health PubMed (1946-present), Ovid MEDLINE
(1946-present) and CINAHL Plus (1937-present). Medical library search heading
terms were used to combine “nutrition screening”, “nutrition assessment”,
“malnutrition”, or “sarcopenia” with either terms of “inflammatory bowel disease”,
Crohn’s/Crohn disease” or “ulcerative colitis”. Filters applied included human
subjects, English language and adult population (age 16 years and above). An
updated search was conducted to identify articles published between December 20,
2017 and January 14, 2019 on PubMed. Further eligible studies were extracted from a
review of reference lists of full texts retrieved after initial screening of search results.

Study selection
Initial search results were screened against inclusion and exclusion criteria through
review of article titles and abstracts. Inclusion criteria encompassed studies whose
population was > 16 years old, had a confirmed diagnosis of IBD [either Crohn’s
disease (CD) or ulcerative colitis (UC)], and (1) Associated NSTs with a diagnosis of
malnutrition using NATs; or (2) Associated either NST or NATs with prospective
clinical outcomes. Study designs eligible for inclusion included randomized
controlled trials, cross-sectional studies, cohort studies and case control studies.
Records were excluded if a formal NST/NAT was not utilized, if there were no
prospective clinical outcomes evaluated and/or the study lacked comparisons
between NSTs and NATs. Additionally, studies that utilized body mass index (BMI)
as the sole NAT were excluded as previous studies have shown that BMI does not
accurately predict body composition in IBD patients. Studies that used NST/NATSs
based only on laboratory parameters (i.e., CONUT, OPNI) were also excluded.
Significant laboratory abnormalities can be seen in IBD patients at baseline due to the
inflammatory nature of their illness that do not necessarily accurately reflect nutrition
status!™l. Articles that did not have an English translation available were excluded.
Articles of interest or that were unclear as to meeting inclusion/exclusion criteria had
their full text retrieved and reviewed by two independent reviewers (SL and MN) for
eligibility. Disagreements between reviewers were settled through discussions with a
third reviewer (PT).

Data extraction

The following data was extracted from each study where possible by an independent
reviewer: First author’s surname, journal, year of publication, study design (patient
selection) and duration, number of participants, underlying disease (CD or UC),
patient demographics (age, duration of disease, severity of disease, concomitant
treatments), type of NST or NAT used, reported correlations between NST and NAT
or NST/NAT, and clinical outcomes.
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Quality assessment

As most studies were observational non-randomized non-interventional studies
without control groups, quality was assessed with a modified Newcastle-Ottawa
assessment scale (NOS)"*l. Of available instruments, the NOS is highlighted as one of
the most useful tools for assessing methodological quality and risk of bias in non-
randomized studies in the Cochrane Handbook for Systematic Review of
Interventions!. Study quality was assessed by two independent reviewers utilizing
the modified NOS (SL and MN). Disagreements between reviewers were settled
through discussions with a third reviewer (PT).

Data synthesis

Statistical results relating to outcomes of interest were retrieved from each study and
categorized as per objectives. Authors and a third-party statistician (BV) reviewed all
data. Given the heterogeneity of results, they were not suitable for a formal meta-
analysis.

RESULTS

Literature search results

The summary of the literature search and selection process is shown in Figure 1. In
total, 1782 studies were identified from the initial search after removal of duplicates.
An additional 9 studies were identified through review of the full-text of articles of
interest. 62 studies were identified for full-text review of which 16 studies met
inclusion/exclusion criteria. 31 studies were excluded because they lacked predictive
outcomes or comparisons between NST/NATSs. 15 studies were excluded as there was
no formal NST or NAT utilized in the study or the NST/NAT utilized included only
laboratory parameters or was based solely on BML

Study populations
Included studies were published between 2015-2018. Seven studies were conducted in
Asial*!1>71 four in Europel®”**%, four in North Americal'>**, and one in Oceania!.

In total, 1618 patients with IBD were included from all studies, 1158 (72%) had the
diagnosis of CD, 454 (28%) were UC patients and 4 (0.2%) had indeterminate colitis.
The age of participants ranged from 16 to 86 years (Table 1).

Nutrition screening or assessment tools

NSTs that were examined in the included studies were the NRS-2002, MUST,
Nutritional Risk Index (NRI), Malnutrition Inflammation Risk Tool (MIRT), and the
Saskatchewan Inflammatory Bowel Disease Nutrition Risk Tool (SaskIBD-
NRT)®>27°0%3] Table 2 illustrates the basic components, categories and interpretations
of included NSTs.

The NATSs evaluated in the studies in this review included the SGA, comprehensive
RD and gastroenterologist (GI) assessment, Skeletal Muscle Percentage (SMP), Fat
Free Mass Index (FFMI), L3 Skeletal Muscle Index (L3 SMI), Appendicular Skeletal
Muscle Indices, Skeletal Muscle Area (SMA), Total Psoas Muscle Area, and the mean
Hounsfield unit average calculation (mHUAC) at L3505 Table 3 illustrates the
basic components, categories and interpretations of included NATs.

Quality assessment results

Given the non-randomized observational design of all studies, with the majority
lacking well-defined cohorts, all studies carry a high relative inherent risk of bias.
Utilizing the modified NOS scale, half of the studies (8/16) were assessed to be of
acceptable quality, scoring four or more stars out of five, with the other half assessed
to be of relatively poor-quality scoring three or less stars (Table S2).

What is the prevalence of abnormalities on nutrition screening and assessment?
Five studies utilized various NSTs (MUST, NRI, NRS-2002, and SaskIBD-NRT) to
categorize patients ordinally into low, moderate and high nutrition risk
categories!”**%%1 The most commonly utilized NST was the MUST (4/5 studies)
showing 28.0% (1 = 115) to be at high nutrition risk (MUST = 2) across a composite of
inpatient/outpatient studies!”**"*l. Of the two inpatient studies, both utilizing the
NRS-2002, 67.0% (n = 75) of patients were found to be at high nutrition risk (NRS-2002
> 3)11, Of the three outpatient studies, 29.1% (n = 87) of patients were found to have
at least a mild/moderate degree of nutrition risk via MUST (score = 1), NRI (score >
97.5) and SaskIBD-NRT (score > 3)[*%1 (Table 4).

Ten studies evaluated the presence of sarcopenia in their respective populations,
with a total prevalence of 39.5% (n = 477) across all studies!”'>*-*!l. Three studies
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Records identified through MEDLINE
database search (7 = 1092)

Records identified through PubMed
database search (7 = 1129)

Additional records identified through
other sources (7 = 9)

Records after duplicates removed for initial
title and abstract screening (7 = 1791)

eligibility (7 = 62)

Full-text articles assessed for

Records excluded (7 = 1729)

Population age < 16: 367

Incorrect study population

characteristics (not IBD/Non-clinical): 283
No NAT/NST mentioned: 592

Review Article/Case Study/Guideline: 487

synthesis (7 = 16)

Studies included in qualitative

Full-text articles excluded (7 = 46)

No predictive outcomes or no NAT vs
NST Comparison: 31

No formal NST/NAT: 15

Figure 1 PRISMA flow diagram. IBD: Inflammatory bowel disease; NST: Nutrition screening tools; NAT: Nutrition assessment tools.

utilized the SGA in categorizing patients into well-nourished (SGA-A), mild/
moderately malnourished (SGA-B) and severely malnourished (SGA-C) with two of
the studies based on an inpatient IBD population. The total proportion of patients
diagnosed with some degree of malnutrition based on SGA (SGA B/C) was 61.7% (n
=103)"1 (Table 5).

How did findings on nutrition screening compare to those on nutrition asses-
sment?

Four studies (25%) included comparisons between an abnormal score on an NST and
how that compared to a diagnosis of malnutrition using a NAT®****1. All four NSTs
(MUST, NRS-2002, MIRT, and SaskIBD-NRT) showed significant association with
NAT measures*”***l. In both inpatients and outpatients from two separate studies”",
the MUST showed a significant association via logistic regression [odds ratio (OR) =
0.934, P = 0.014] and fair inter-rater agreement (Cohen’s kappa=0.53) to SMI and
FFMI. One study demonstrated poor inter-rater agreement (Cohen’s kappa = 0.15) of
MUST with com-prehensive RD/GI nutritional assessment among outpatients™!.
NRS-2002 was significantly associated with SMI (OR = 0.928, P = 0.008) in one
inpatient study™. MIRT also demonstrated significance with a moderate correlation to
SGA in one outpatient study (Spearman Rank Correlation = 0.394, P = 0.005)"l. The
SaskIBD-NRT showed strong inter-rater agreement (Cohen’s kappa = 0.73) with
comprehensive RD/GI assessment in outpatients™ (Table 6).

Were nutrition screening tools associated with clinical outcomes?

Three studies (18.8%) associated NSTs with clinical outcomes. The NST's utilized in
these studies included the MUST, MIRT, NRS-2002, and NRI®'**1, the latter three
showing significancel*"**l. Baseline MIRT was significantly correlated via Spearman
rank correlation at 6 mo with hospitalizations (p = 0.398, P = 0.003), disease flares (p =
0.299, P = 0.030), disease complications (p = 0.333, P = 0.015), and need for surgery (p
= 0.371, P = 0.006)". Interestingly, the study did not find a significant association
between MIRT and CDAI or Harvey-Bradshaw index (HBI) scores at 6 mo (P = 0.077
and 0.195 respectively)® (Table 7).

NRS-2002 (scores = 3 vs < 2) significantly predicted hospital length of stay (P =
0.032), however did not significantly predict the need for surgery (P = 0.109)!""]. A high
NRI score (> 97.5) significantly predicted response to infliximab among CD patients
(P =0.037)1. MUST was examined in only one study and showed a trend towards
significance in predicting length of stay (P = 0.058) and had no significance in
predicting need for intestinal resection (P = 0.314)!" (Table S3).

Were nutrition assessment tools associated with clinical outcomes?
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Table 1 Demographics of patients with inflammatory bowel disease included in the studies

Immunomo-  Biologics n Previous
StudyID  Total (n) (M:F) CD:UC:ID (n) Age (yr) BMI (kg/m?)  Steroid n (%) Co Dbk resection n
dulator n (%) (%) 0
(%)
Adams et al®®! 90 (38:52) 76:14 Median: 35 (26- Median: 225 30 (33) 40 (44) 15 (17) 40 (44)
50)
Bamba et all’l 72 (52:19) 43:29 UC Median: 39 Median: 19.5 - - - 25 (35)
(28-55)
CD Median: 29
(25-37)
Csontos et 173 (92:81) 126:47 Mean: 34.8 + Mean: 23.6 - - - -
alt™! 12.3
Cushing et 89 (53:29) 0:89 Mean: 43 (9-  Non- - 33 (37) 26 (29) -
all*! 86) sarcopenic: 26 +
8
Sarcopenic: 23 +
6
Fujikawa et 69 (45:24) 0:69:0 Mean: 39.8 + Mean: 2040+ - - - -
all*! 14.4 3.65
Haskey et all* 110 (47:63) 75:35 Mean:39+15 Mean BMI: 264 5 (4.5) 17 (15.5) 17 (15.5) =
+5.8
Holtetal®™! 44 (20:24) 44:0 Mean:37.8+  Mean: 23.5 20 (45) 26 (59) 10 (24) 44 (100)
14.2
Jansen et all®l 55 (19:36) 55:0 Mean: 40+11  Mean: 24.9 10 (18) 31 (56) 21 (38) -
O'Brien et al®! 77 (46:31) 52:21:4 Median: 42 (20- Median: 24 (16- 42 (55) - = -
80) 37)
Pedersenet 178 (86:92) 127:51 Mean: 4271 - 86 (48) 63 (35) 42 (24) 178 (100)
al™! (18-86)
Sumi et al®™ 16 (12:4) 16:0 Responders Responders 5 (31) 8 (50) = 9 (56)
median: 34 (18- median: 21.7
68)
Non- Non-
responders responders
median: 31 (23- Median: 16.8
46)
Takaoka et 40 (30:10) 40:0 Median: 324  Median:19.2 12 (30) 15 (38) 30 (75) 13 (33)
all™! (25.3-37.8)
Thiberge et 149 (68:81) 149:0 Mean: 41.0 + Mean: 22.7 + 6.1 108 85 86 85
alt™ 17.5
Zhang T et 114 (75:39) 114:0 Mean: 32 + Median: 13.66 - - - 114 (100)
all'’! 11.47
Zhang Tet 204 (NR) 105:99 NR (min18;  Median: 1841 99 (49) 53 (26) 25 (12) 14 (7)
al™l max 65)
Zhang Wet 138 (86:52) 138:0 Median: 29 (16- Median:17.9 13 (9) 50 (36) - 37 (27)
all?! 60)

NR: Not reported; CD: Crohn’s disease; UC: Ulcerative colitis.
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Thirteen studies (81.3%) examined NATSs for the prediction of clinical out-
comesl®13282931-3450 The majority of studies (11/13) that evaluated NATSs utilized
measures of sarcopenia via computed tomography of the L3/4 vertebrae or
BIAF-12229215450] Five studies evaluated the correlation of sarcopenia with the need for
intestinal resection”'*'***l, with only two demonstrating a significant correlation with
need for intestinal resection (P = 0.003 on operation free survival curves)”'"! (Table 8).
The presence of sarcopenia (via L3 SMI or mHUAC) was significantly associated
with major post-operative complications with Clavien-Dindo grade (CDG) = 3 in one
study (OR = 9.24, P = 0.04) and life-threatening complications (CDG = 4) in
another!?l. SMP was protective against major (OR 0.588, P = 0.002) and overall (OR =
0.487, P = 0.002) post-operative complications in one study™! but not anotherl.
Additionally the need for post-operative blood transfusions (OR = 1.31, P = 0.014),
ICU admissions (OR = 1.32, P = 0.016), post-operative sepsis (OR = 1.325, P = 0.009),
post-operative surgical site infections (OR = 4.91, P = 0.03) and deep vein thrombosis
(OR = 1.265, P = 0.017) was found to be significantly associated with sarcopenial**’.
The need for either surgical or medical rescue therapy (P = 0.02) in patients with acute
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Table 2 Components and interpretation of nutrition screening tools

NST

NRS-2002t!

MUSTH

NRI7

MIRTE!

SaskIBD-NR[™!

NST components

Initial screening

BMI

Weight loss (last 6 mo)

Dietary intake (last
week)

ICU patient
Final Screening'
Weight loss
Food intake

] )
Disease severity~

NST score indicating risk of malnutrition

BMI

Serum albumin

Weight loss (last 3-6 mo) Present weight/usual

Acute disease effect’

weight

BMI

Weight loss (last 3 mo)

CRP

Symptoms
(nausea/vomiting/ diarr
hea/poor appetite > 2
wk)

Weight loss (last month)

Anorexia

Food restriction

0=TLow 0=TLow >97.5 = No Risk Score range = 0-8 0-2 = Low risk
1=Mild 1 =Medium 83.5-97.5 = Moderate 0 = Lowest 3-4 = Medium risk
2 = Moderate > 2 = High < 83.5 = High 8 = Highest >5 = High risk
>3 = High

To be conducted if there is a “YES” to any one of initial screening questions;

%Categorized into mild/moderate/severe based on descriptors in Nutrition Risk Screening 2002 Tool;

SPatient is acutely ill AND there has been/likely to be no nutrition intake > 5 d. BMI: Body mass index; CRP: C-reactive protein; ICU: Intensive care unit.
NST: Nutrition screening tools; NRS-2002: Nutrition Risk Screening 2002; MUST: Malnutrition universal screening tool; NRI: Nutritional Risk Index; MIRT:
Malnutrition Inflammation Risk Tool; SaskIBD-NR: Saskatchewan Inflammatory Bowel Disease Nutrition Risk.

severe UC was significantly associated with the presence of sarcopenial™ (Table S4).

One study demonstrated that various measures of sarcopenia (SMI, SMA)
correlated significantly with Mayo disease activity scores!'l. A separate study showed
that SMA did not significantly predict endoscopic recurrence (P = 0.096)°. Two
studies associated SGA with clinical outcomes based on SGA score!*"”l with discordant
results. One inpatient study found that SGA did not predict the need for surgery (P =
0.071)!"! but it did predict length of stay (P = 0.008)!"’l. A second outpatient study did
not find any correlation between SGA and hospitalizations, disease flares, disease
complications, or need for surgery!’.

DISCUSSION

This review of the literature is the first to systematically evaluate the use of NSTs and
NATSs in IBD-their performance in relation to each other and to clinical outcomes. Our
review highlights both the adverse clinical implications of malnutrition in IBD as well
as the paucity of NST and NAT data available in this population in comparison to
other chronic disease populations”’-’l. Although the reviewed studies were not
amenable to meta-analysis due to heterogeneity and observational non-randomized,
non-controlled study designs, multiple conclusions can still be drawn to summarize
the current state and guide future work in the area.

First, our review reinforces the high prevalence of malnutrition in patients with
IBD. One in four outpatients and approximately two in three inpatients were found to
be at nutritional risk. These results are consistent with prior studies confirming the
substantial prevalence of malnutrition in IBD!'**?. Secondly, we evaluated how the
findings on Nutrition Screening compared to the findings on Nutrition Assessment.
This demonstration of an association between NSTs and NATSs is required, to
demonstrate face and content validity of the NST for use in screening!*"l.

There is a limited amount of data available to compare NSTs to NATs. Four NSTs
(the MUST, NRS-2002, MIRT and SaskIBD-NRT) showed promise. The MUST
includes BMI, unplanned weight loss in the past 3-6 mo and an acute disease effect
score. The MIRT measures similar criteria, including BMI, unintentional weight loss
and CRP. Therefore, these two tools vary only in the method that acute disease is
assessed. The NRS-2002 differs from the two previous tools, as it captures reduced
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Table 3 Components and interpretation of nutrition assessment tools

Nutrition Assessment Tools

SGAIH151 Comprehensive RD/GI BIA] CT Scanl*1%2931-34:3¢]
Assessment!™”]
NAT Components
Nutrient Intake BMI SMP mHUAC
Weight loss GI symptoms, oral intake FFMI L3 SMI
Symptoms affecting oral intake IBD location, severity, concurrent L4 TPA
conditions
Functional capacity Surgical history, medications ASMI
Metabolic requirement Laboratory parameters (Albumin/ Vit SMA
D/Iron/ Vit B12)
Physical examination SCAI, HBS
NAT interpretation
A = Well nourished At risk Sarcopenia: Sarcopenia:
B = Mild/moderately malnourished Not at risk FFMI: mHUAC: Lowest sex quartile at level
of L3 vertebrae
C = Severely malnourished Men: < 17 kg/m? L3 SMI: Lowest sex quartile, variable

between studies (Male: < 42-55
cm?/m? Female: < 35.6-41 cm?/m?)

Women: <15 kg/m? L4 TPA: Lowest sex quartile (Male <
56.7 cm?/m?, Female: < 35.6 cm?/m?)
SMP: Continuous variable ASMI/SMA: Continuous variable

BMI: Body mass index; SCAI: Simple Colitis Activity Index; HBS: Harvey Bradshaw Score; SGA: Subjective Global Assessment; SMP: Skeletal Muscle
Percentage; FFMI: Fat Free Mass Index; mHUAC: Mean Hounsfield Unit Area Calculation; ASMI: Appendicular Skeletal Muscle Index; L3 SMI: L3
Vertebrae Skeletal Muscle Index; SMA: Skeletal Muscle Area; IBD: Inflammatory bowel disease; CT: Computed tomography; RD: Registered dietitian; GI:
Gastroenterologist.

dietary intake in addition to BMI, weight loss and ICU admission status, and has been
validated only in the inpatient population. The SaskIBD-NRT is a novel tool based on
patient history evaluating gastrointestinal symptoms and food restriction behaviors
commonly seen in the IBD population in addition to the more common screening
questions of weight loss and poor oral intakel*!. The SaskIBD-NRT does not capture
disease severity and is reliant only on nutrition specific data points to assess risk.

The MIRT and SaskIBD-NRT although not yet compared to SMI in IBD, have
shown significant associations with more comprehensive nutritional assessment
methods. The MIRT for example demonstrating an association with an abnormal
SGAML Similarly, the SaskIBD-NRT showed strong agreement to subsequent
comprehensive assessment by RD/GI"™. This association has not been consistent with
one study noting poor inter-rater agreement between MUST and a comprehensive
RD/GI assessment!™”l. Recognizing sarcopenia as an integral, objective component of
malnutrition, both the MUST and NRS-2002 demonstrated a significant association
with sarcopenia as measured by the SMI". To summarize, although limited, the data
on NSTs is encouraging for a strong association with a diagnosis of malnutrition by
NATs (both sarcopenia and more comprehensive NATSs).

Thirdly, we evaluated whether NSTs were associated with clinical outcomes.
Although traditionally used to determine which patients require further nutritional
assessment and therapy, the summary of findings from the current review would
suggest that NSTs also hold promise in the prediction of clinical outcomes. Notably,
all studies were performed in patients with CD and therefore the results are at this
time only generalizable to this population. The outcomes associated with the three
NSTs (NRS-2002, NRI and MIRT) were all of clinical were of clinical relevance. For
inpatients, the NRS-2002 predicted hospital length of stay!"’l. For outpatients, the
MIRT correlated well with hospitalizations, disease flares and need for surgery!**1. All
three NSTs included a component to reflect disease severity. Although this parameter
itself can correlate with adverse clinical outcomes, its inclusion in IBD nutrition
screening and assessment is appropriate, as disease severity may exacerbate poor oral
intake, malabsorption and catabolism. The SaskIBD-NRT (did not include measure of
disease severity) has not yet been studied with reference to clinical outcomes.

Notably, the MUST was not associated with clinical outcomes among inpatients.
This is perhaps not surprising as the European Society for Clinical Nutrition and
Metabolism has recommended against the use of MUST in inpatients, citing concern
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Table 4 Proportion of nutrition abnormalities via nutrition screening tools

Proportion of mild-

NST Pro.porfion of low risk moderate risk patient’s n Pro.portion of high-risk Study ID
patient’s n (%) (%) patient’s n (%)

MUST 12 (16.7) 27 (37.5) 49 (68.1) Bamba et all”)
118 (68.2) 18 (10.4) 37 (21.4) Csontos et all™’!
93 (84.5) 12 (10.9) 5 (4.5) Haskey et al*”}
10 (25.0) 6 (15) 24 (60) Takaoka et all'”]

NRI 5 (31.3) 11 (68.8) Sumi et al®’!

NRS-2002 0(0) 24 (33.3) 48 (66.7) Bamba et all”]
13 (32.5) 27 (67.5) Takaoka et all"’]

SaskIBD-NRT 89 (80.9) 12 (10.9) 9(8.2) Haskey et al*”}

NST: Nutrition screening tools; NRS-2002: Nutrition Risk Screening 2002; MUST: Malnutrition universal screening tool; NRI: Nutritional Risk Index;
SaskIBD-NRT: Saskatchewan Inflammatory Bowel Disease Nutrition Risk Tool.

regarding confounders from the lack of grading the severity of the acute illness!"l. In
other studies, the MUST has been associated with CD severity as measured by the
HBI (P = 0.005) on cross-sectional analysis!*’l. Further studies utilizing this tool are
required to evaluate its use in outpatient IBD populations.

From the available NST data therefore, the NRS-2002 in inpatients, and the MIRT
and MUST in outpatients, are promising candidates for further evaluation. This is
consistent with previous reviews suggesting NSTs such as the NRS-2002 which use
combined simple measures of malnutrition are most appropriate to assess
malnutrition in IBDP. Further evaluation is needed as it remains unclear whether the
associations noted in CD patients will be generalizable to the UC population and,
furthermore, if these findings will apply across inpatient and outpatient populations.
It is also important to recognize that there are other NSTs that have not yet been
explored in the IBD setting, including the patient-generated SGA, and Canadian
Nutrition Risk Screening Tool. These screening tools have performed well in other
chronic disease populations!**‘. Further research into the use of patient-led versions
of malnutrition screens would also be of interest. Although the studies evaluating
patient-led NSTs did not meet eligibility criteria for this review, the patient-led MUST
has correlated with a practitioner-led MUST in IBD!**I and is in keeping with the
utility of these screens in other chronic disease populations!**. As a direct translation
to clinical practice, the signal that NSTs predict clinical outcomes supports their
importance. In future studies it will be of interest to evaluate the impact of nutrition
therapies on NST results and on clinical outcomes.

Lastly, we explored the association between NATs and clinical outcome measures.
Notably, most studies correlating NATs and clinical outcomes used measures of
sarcopenia as the primary assessment method, in particular the L3 SMIP'"#1 By
adding an additional 6 studies (Zhang 2015, Holt 2017, Cushing 2018, Fujikawa 2017,
O’Brien 2018, and Thiberge 2018)12%2*7234%] the current review extends the recent
sarcopenia focused systematic review carried out by Ryan et al*’l. Ryan’s group
reported a sarcopenia prevalence rate over 40%, similar to the 39.5% seen in our
current study. They also concluded that sarcopenia was a significant independent
predictor for the need for surgery and it correlated with an increased rate of major
post-operative complications, as was seen our study!*..

It must be noted that although measures of sarcopenia are among some of the most
objective assessment tools for malnutrition, given the inherent cost, risk of radiation
and contrast exposure with computed tomography, research into more practical
alternatives such as bed-side ultrasound, is required””*"l. Moreover, the underlying
pathogenesis of sarcopenia remains multifactorial, and may include additional
physiological factors independent of malnutrition*?. In the IBD population, active
inflammation may be reflective of disease severity and contribute to malnutrition
through anorexia, hypermetabolism and malabsorption. Additionally, anorexia,
malabsorption and active inflammation underpin some pathophysiological
mechanisms of sarcopenia®!. Nutrition risk screening and assessment is made even
more complex with the increasing prevalence of overweight patients with IBD. Over-
nourishment and obesity affects up to 55% of patients with IBD in the Western
hemispherel>~'l. In spite of this, decreased muscle mass and micronutrient deficiencies
remain prevalent even among the obese population with IBD (i.e., sarcopenic obesity),
and are not accurately assessed by traditional nutrition assessment methods!™>*,
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Table 5 Proportion of nutrition abnormalities via nutrition assessment tools

NAT measure

Proportion of non-sarcopenic patients 7 (%) Proportion of sarcopenic patients 7 (%) Study ID
Sarcopenia 49 (54.4) 41 (45.6) Adams et al™!

42 (58.3) 30 (41.7) Bamba et all’]

125 (72.3) 48 (27.7) Csontos et all™"!

25 (30.5) 57 (69.5) Cushing et all*"]

51 (73.9) 18 (26.1) Fujikawa et al*’}

47 (67.1) 30 (38.9) O'Brien et all*!}

134 (75.3) 44 (24.7) Pedersen et all'’}

99 (66.4) 50 (33.6) Thiberge et al®’!

115 (56.4) 89 (43.6) Zhang et all'']

44 (35.1) 70 (61.4) Zhang et all""!
Comprehensive RD/GI Assessment Proportion of patients not at risk n (%) Proportion of patients at risk of malnutrition ~Study ID

1 (%)

87 (79.1) 23 (20.9) Haskey et all*’]
SGA Proportion of SGA A Proportion of SGAB  Proportion of SGA C  Study ID

8 (11.1) 37 (51.4) 27 (37.5%) Bamba e all”!

8 (20.0) 17 (42.5) 15 (37.5%) Takaoka et all"”]

48 (87.3) 7 (12.7) Jansen et all®!

NAT: Nutrition assessment tools; RD/GI: Registered dietitian/Gastroenterologist.

Although there is conflicting data on the association of obesity itself with IBD related
clinical outcomesl®*'l, the syndrome of “sarcopenic-obesity” likely does have
implications in predicting relevant clinical outcomes, and warrants further in-
vestigation™l.

Additionally, our review of NATs highlights the discordant data regarding the
ability of the SGA, a familiar nutritional assessment tool, to predict clinical outcomes
in IBD. Notably, a large percentage of IBD patients with decreased body cell mass as
determined by BIA and sarcopenia can be missed by SGA alonel’l. In this review,
SGA was not significantly associated with clinical outcomes in IBD populations other
than length of hospital stay!"l.

In conclusion, our study has summarized the currently available evidence for
NSTs/NATs in the IBD population. Although some studies support the association of
NSTs/NATs with specific clinical outcomes, the heterogeneity in study design, lack of
data from large cohorts, and lack of comprehensive validation of existing NSTs, does
not translate into the recommendation of a single optimal NST or NAT at this time.
The high prevalence of malnutrition seen across these recent studies reaffirms the
ongoing significance of malnutrition in the IBD population and the need to utilize
appropriate NST/NATSs. Consistent with guideline recommendations, nutrition
screening should be conducted on every patient with IBD both at diagnosis and at
least annually, with more frequent measures as needed!"l. Referral should be made to
a RD to patients at moderate or high risk of malnutrition for more definitive
assessment. The strengths and limitations of the tools have been highlighted in this
review. Going forward, clinically relevant research areas include larger scale studies
evaluating the assessment of alternate measures of sarcopenia, the development and
validation of novel NSTs/NATSs, such as the MIRT/SaskIBD-NRT and an assessment
of the responsiveness of the tools to measure change with a nutrition intervention.
Based on the promising data from these tools, the optimal NST/NAT for the IBD
population is likely to be one that takes into account the unique dietary habits and
chronic inflammatory nature of this population. It is encouraging to note that the
majority of articles included within this review have been published within the last 2
years. We anticipate that continued activity and interest will lead to the development
and validation of tools in concert with clinical care pathways, embedding the
important processes of nutrition screening and assessment within routine IBD clinic
visits.
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Table 6 Nutrition screening tools correlating with nutrition assessment tools

NST Comparative NAT measure Statistical Variable Value Study ID
MUST FEMI Cohen’s Kappa (low/normal FFMI vs low MUST) k= 0.53 (95%CI: 0.39-0.67)  Csontos et all’"!
SMI Logistic Regression (MUST 0,1 vs > 2) OR: 0.934, P = 0.014" Bamba et all’]
RD/GI Assessment Cohen’s Kappa x=0.15 Haskey et al®!
MIRT SGA Spearman’s Rank Correlation p =0.394, P = 0.005 Jansen et al®!
NRS-2002 SMI Logistic Regression (NRS-2002 1, 2 vs > 3) OR: 0.928, P = 0.008" Bamba et all’!
SaskIBD-NR RD/GI Assessment Cohen’s Kappa x=0.73 Haskey et all*”}

“Indicates significant P value < 0.05. FFMI: Fat Free Mas Index; SMI: Skeletal Muscle Index; SGA: Subjective Global Assessment; OR: Odds ratio; NST:
Nutrition screening tools; NRS-2002: Nutrition Risk Screening 2002; MUST: Malnutrition universal screening tool; SaskIBD-NR: Saskatchewan
Inflammatory Bowel Disease Nutrition Risk Tool; MIRT: Malnutrition Inflammation Risk Tool; RD/GI: Registered dietitian/Gastroenterologist.

Table 7 Significant nutrition screening tool correlations with clinical outcomes

NST Comparative outcome measure Statistical variable Value Study ID
MIRT Hospitalization Spearman’s rank correlation p =10.398, P =0.003" Jansen et al®!
Disease flare p=0.299, P =0.030"
Disease complications' p =0.333, P =0.015"
Need for surgery p =0.371, P = 0.006"
NRI Response to infliximab Fischer’s exact test P =0.037" Sumi et all”’}
NRS-2002 Length of stay (< 28 vs > 28 d) Chi-square test P =0.032" Takaoka et all"”!

“Indicates significant P value < 0.05);
!Newly occurred stenosis, fistula or abscess. NST: Nutrition screening tools; NRS-2002: Nutrition risk screening 2002; NRI: Nutritional risk index; MIRT:
Malnutrition inflammation risk tool.

Table 8 Significant nutrition assessment tool correlations with clinical outcomes

Comparative outcome - .
NAT P Statistical analysis Result Study ID
measure
SGA Length of stay in hospital Chi-square test P =0.008 Takaoka et all"”!
Sarcopenia Change in IBD disease Paired t-test (baseline vs 6 Sarcopenic: 0.4 (P = 0.80) Adams et al®!
activity at 6 mo (HBI) mo) Non-sarcopenic: -2.3 (P =
0.004)
Need for operation (operation Kaplan-Meier Analysis P =0.003 Bamba et all’!
free survival curve) P =0.003 Zhang et all)
Need for operation Cox-regression (multivariate) HR 0.318 (0.126-0.802), P = Bamba et all’)
0.015
Need for any rescue therapy  Fischers exact test P=0.02 Cushing et all*']
(astieel ey Multivariate logistic OR 3.98 (95%CI 1.12-14.1), P
regression =0.033
Post-operative complications OR 9.24 (95%CI 1.10-77.50). P Zhang et all'!
(Major)' =0.04
UC disease activity (Mayo OR 8.49 (95%CI 1.80-40.10), P Zhang et all''l
Score > 6) =0.007
Post-operative surgical site OR 4.91 (95%CI 1.09-23.50), P Fujikawa et all*’]
infection =0.03
Need for red blood cell OR1.31, P=0.014 Pedersen et all'’]
transfusion
ICU admission OR1.32, P = 0.016
Post-operative sepsis OR 1.325, P = 0.009
Deep vein thrombosis OR 1.265, P = 0.0173
Clavien-Dindo grade 4 OR 1.329, P = 0.0052
complication
ASMI Fecal calprotectin Spearman’s Rank Correlation p =-0.564, P = 0.005 Holt et all*®]
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L3 SMI UC disease activity (Mayo p=-0.523, P<0.01 Zhang et all'']
SMA SE) p =-0.445, P<0.01
SMP Post-operative complications Multivariate logistic OR: 0.487 (95%CI 0.307-0.772) Zhang et al?!
(Overall)* regression analysis P =0.002"
Post-op complications OR: 0.588 (95%CI 0.422-0.820)
(Major)' P =0.002"

“Indicates significant P value < 0.05);

1Clavien-Dindo Score > 3;

2Clavien-Dindo Score 1-5. HR: Hazard ratio; OR: Odds ratio; CI: Confidence interval; HBI: Harvey-bradshaw index; mHUAC: Mean hounsfield unit area
calculation; ASMI: Appendicular skeletal muscle index; SMI: Skeletal muscle index; SMA: Skeletal muscle area; SMP: Skeletal muscle percentage; SGA:
Subjective global assessment.

ARTICLE HIGHLIGHTS

Research background

Malnutrition is highly prevalent in patients with inflammatory bowel disease (IBD), however the
optimal nutrition screening tools (NST) and nutrition assessment tools (NAT) to detect and
diagnosis malnutrition respectively are unclear.

Research motivation

Given the negative clinical and economic impacts of malnutrition in IBD, identification of a
simple, accurate and efficient process for identifying malnutrition may allow for increased
recognition and earlier nutritional intervention.

Research objectives
To systematically review the prevalence of malnutrition in patients with IBD, whether available
NSTs correlate with NATs, and whether NSTs and NATs are predictive of clinical outcomes.

Research methods

PubMed and MEDLINE databases were systematically searched utilizing a comprehensive
search strategy. Articles were reviewed and extracted by two independent reviewers against
inclusion/exclusion criteria. Included articles underwent quality assessment review utilizing the
modified Newcastle Ottawa Scale as well as data extraction, synthesis and review by the authors
and a biostatistician.

Research results

A total of 1791 studies were identified from the initial search, 16 of which met all inclusion
criteria and were included for qualitative synthesis. Prevalence of patients at high risk of
malnutrition amongst inpatient and outpatient IBD patients as assessed by NSTs ranged from
28%-67%. Sarcopenia was identified in 39.5% of IBD patients. The malnutrition universal
screening tool (MUST), Nutrition Risk Screening 2002 (NRS-2002), Malnutrition Inflammation
Risk Tool (MIRT) and Saskatchewan Inflammatory Bowel Disease Nutrition Risk Tool (SaskIBD-
NRT) all showed significant associations with various NAT measures. Of NSTs, the MIRT, NRS-
2002 and NRI demonstrated significance in predicting clinical outcomes of relevant clinical
outcomes. Presence of sarcopenia was significantly associated with various clinical and post-
operative outcomes. The Subjective Global Assessment was not consistent in its association with
clinical outcomes.

Research conclusions

Malnutrition and sarcopenia remain highly prevalent in the IBD population as assessed by
currently available NSTs and NATs. No single optimal NST or NAT can be recommended based
on our review at this time. Based on current evidence, previously available NSTs including the
NRS-2002 and MUST, as well as novel IBD-specific NSTs (MIRT, SaskIBD-NRT) are the most
useful to screen for malnutrition in this population. Sarcopenia evaluation (via cross-sectional
imaging) has promise as a robust nutrition assessment method given its significant associations
with clinical outcomes. However, more accurate, practical and cost-effective methods of
evaluating sarcopenia in the IBD population outside of conventional methods of body
composition analysis should be explored.

Research perspectives

The utility as well as strengths and weaknesses of available NSTs and NATs have been
reviewed. Future research is needed to test and validate available tools in the IBD population.
The development of novel tools will aid clinicians in identifying, diagnosing and intervening on
malnourishment in the IBD patient population.
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