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Abstract

Background: Malnutrition is common in Inflammatory Bowel Disease (IBD) and is
associated with significant morbidity and mortality. Identification of high-risk patients
using a sensitive and reliable screen is the first step to dietitian referral for nutritional

assessment and intervention.

Aim: The primary goal of this study was to determine the validity of patient led self-screens
and health-care practitioner (HCP) screens against a dietitian-led nutritional assessment to
detect malnutrition in outpatients with IBD. Our secondary objectives were to: 1) determine
the inter-rater reliability of patient-led self-screens compared to HCP screening and ii)
determine the prevalence of malnutrition assessed by a range of assessment tools -
subjective global assessment (SGA), body mass index (BMI), mid-arm muscle

circumference (MAMC) and handgrip strength (HGS).

Methods: Patients were prospectively recruited from IBD outpatient clinics in Edmonton
and Calgary. Patients completed 4 self-screening questionnaires: abridged Patient-
generated Subjective Global Assessment (abPG-SGA), Malnutrition Universal Screening
Tool (MUST), Canadian Nutrition Screening Tool (CNST) and Saskatchewan IBD-
Nutrition risk (SaskIBD-NR) tool, followed by independent nutrition screening performed
by a HCP. A dietitian blinded to the results of the screens carried out a gold standard
nutritional assessment using the SGA (primary assessment modality), BMI, MAMC and

HGS. We identified the proportion of patients in each category, sensitivity and specificity

il



against SGA (dietitian-led malnutrition assessment) using contingency tables, and
agreement between patient-led self-screen and HCP-led screening using kappa statistics

(inter-rater reliability).

Results: A total of 204 IBD outpatients (131 Crohn’s (CD) and 73 Ulcerative colitis (UC)),
50.5% female, were assessed. According to Harvey-Bradshaw Index and partial Mayo
scores, 12.8% of CD and 11.3% of UC patients had moderate to severe disease activity.
The most common symptoms affecting dietary intake were diarrhea (21%), poor appetite
(20%), pain (18%), and fatigue (18%). Of the 4 screening tools, the abPG-SGA and
SaskIBD-NR tool showed the best predictive values (sensitivity of 89% and 70%;
specificity of 75% and 81%, respectively) compared to dietitian-led SGA assessment. All
self-screens demonstrated a moderate inter-rater agreement with the HCP-led screening (p
< 0.001). According to dietitian-administered nutritional assessment, the prevalence of
malnutrition in our IBD outpatients was 3%, 18%, 22% and 31% according to BMI, SGA,

MAMC and HGS, respectively.

Conclusion: The abPG-SGA and SaskIBD-NR tools are promising nutrition screening
tools in an IBD outpatient setting. They are valid and can be completed by patients in the
waiting room during the clinical visit. With the high sensitivity and high negative
predictive value for malnutrition detection, the majority of patients who screen at risk of
malnutrition with these tools would be appropriately referred for further assessment.
Future clinical practice should integrate these tools into routine IBD nutrition screening

and assess the ability of the screening tools to predict clinical outcomes.
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CHAPTER 1: INTRODUCTION

1.1 Brief Introduction

Inflammatory bowel disease (IBD), including Crohn’s disease (CD) and ulcerative colitis
(UC), is a spectrum of chronic, idiopathic inflammatory disorders affecting the gut mucosa
with intestinal and systemic manifestations (1, 2). IBD represents a public health challenge
in the 21* century, with increasing incidence in both developed and developing countries
(3). Over 1.5 to 2 million North Americans and Europeans suffer from IBD (4). In 2015, a
predictive model estimated the prevalence of IBD to be 0.6% of the general Canadian
population and projected to increase to 0.9% by 2025 (5). IBD is proposed to occur as a
consequence of multiple etiologic factors that include genetic predisposition,
environmental exposures and immunological defects (1, 2). IBD symptoms may include
severe diarrhea, intestinal bleeding, abdominal pain, malabsorption, weight loss and
fatigue, with a wide range of clinical complication such as abscesses, strictures, fistulas

and extra-intestinal manifestation and intestinal cancers (6).

Malnutrition is a frequent complication in patients with IBD, even when the disease is in
remission. Malnutrition is estimated to be present in up to 85% of hospitalized patients
with active IBD and in up to 42% of patients in clinical and endoscopic remission (7-9).
Malnutrition is a strong predictor of poor clinical outcomes in IBD including increased
rates of infection, longer hospital stays, prolonged recovery time after surgery and higher
health care costs (10, 11). Malnutrition is under-detected and under-treated in IBD patients
since nutrition risk screening is not common practice in routine clinical care (12, 13). In
other populations, patient-led nutrition screening tools such as the malnutrition universal
screening tool (MUST), abridged patient-generated subjective global assessment (abPG-
SGA) and malnutrition screening tool (MST) have been shown to be valid and efficient
means of detecting those at high-risk of malnutrition (14-17). In IBD, other studies have
demonstrated that the patient-led MUST had moderate to excellent agreement with a health
care practitioner (HCP)-administered MUST screen (18, 19). To date however, patient-led

self-screens have not been compared to dietitian-administered nutritional assessment.



American Society for Parenteral and Enteral Nutrition (ASPEN) supports use of the
subjective global assessment (SGA) - The recommended malnutrition assessment by the
European Society of Clinical Nutrition and Metabolism (ESPEN) requires the
determination of fat free mass, which we did not have available to us as part of this study.
Therefore, we chose the ASPEN determination of malnutrition based on SGA. The purpose
of the present study was to examine the validity of patient-led nutrition risk self-screens

for identifying malnutrition in outpatients with IBD.

1.2 Statement of the Problem and Purpose of the Thesis

Due to the increased risk of malnutrition in patients with IBD, the ESPEN guideline for
clinical nutrition in IBD recommends nutrition risk screening to identify patients at high
risk of malnutrition at the time of IBD diagnosis and at routine intervals (20). Although
many nutrition screening tools are available, and despite the high prevalence of
malnutrition in IBD, nutrition screening is infrequently performed. This may be due to
inadequate awareness of the detrimental effects of malnutrition in IBD, lack of knowledge
of the best nutritional screening tools in this patient population, and challenges with
implementing nutrition screening in busy clinical settings. The possibility of nutritional
self-screening (i.e. patients screening themselves) has received little attention so far in IBD.
Patient engagement through a valid and reliable nutrition self-screening tool could facilitate
advancement of a nutrition care plan leading to appropriate self-referral to registered

dieticians for further care.

Preliminary data support the feasibility, reliability and validity of nutritional self-screens
in patients with gastrointestinal diseases, including IBD outpatients (16, 18, 19). However,
in the studies conducted in IBD populations, the sample sizes were small (n=154, n=80),
and only one nutrition screening tool, the MUST, has been studied as a patient-led self-
screen to identify risk of malnutrition in this patient population (18, 19). Importantly,
neither of these studies compared nutrition self-screens to the malnutrition assessment
determined by a dietitian using SGA. The specific aims of current study were to evaluate

the validity of different patient-led screens including MUST, abPG-SGA, Saskatchewan



IBD—Nutrition Risk Tool (SaskIBD-NR), and Canadian Nutrition Screening Tool (CNST)

for detecting risk of malnutrition in outpatients with IBD.

1.3 Objectives
The study focused around the following objectives:
1.3.1 Primary Objective
1. To evaluate the sensitivity, specificity, positive predictive value (PPV) and negative
predictive value (NPV) of the patient-administered and HCP-administered screens
(MUST, abPG-SGA, CNST and SaskIBD-NR) compared to dietitian-administered
nutritional assessment using SGA in outpatients with IBD
1.3.2 Secondary Objectives
1. To determine the inter-rater reliability between the patient-administered self-
screens (MUST, abPG-SGA, CNST and SaskIBD-NR) and HCP-administered
screens (MUST, abPG-SGA, CNST and SaskIBD-NR) in outpatients with IBD.

2. To determine the prevalence and predictive factors of malnutrition according to
dietitian-administered nutritional assessment methods including SGA, body mass
index (BMI), mid-arm muscle circumference (MAMC) and hand grip strength
(HGS) in outpatients with IBD.

1.4 Hypotheses
Hypothesis 1: The primary hypothesis is that a patient-led self-screen will prove to be a
valid nutritional screening tool with high sensitivity, specificity, PPV and

NPV to identify risk of malnutrition in outpatients with IBD.
Hypothesis 2: The secondary hypothesis is that a patient-led self-screen will provide a
good level of agreement (x > 0.41) with HCP-administered screen to

identify malnutrition in outpatients with IBD.

1.5 Significance of the Study



In this study, we assessed the performance characteristics of malnutrition “self-screens”
against the ASPEN -recommended dietitian-administered SGA. This will inform the
potential implementation of the self-screen into IBD clinics in Edmonton, Calgary, and
beyond for timely referral of at-risk patients for in-depth malnutrition screening and
interventional therapy. This work will potentially allow us to move towards our vision of
developing an Alberta-wide IBD Nutrition screen and standardized intervention clinical
care pathway. This will provide a robust data set for our primary as well as secondary

outcomes, thereby increasing the generalizability of the results.



CHAPTER 2: LITERATURE REVIEW

This literature review will serve to: 1) introduce the overview of the characteristics,
epidemiology, pathophysiology and potential complications of IBD including disease-
related malnutrition in this population, ii) describe screening and the current methods used
in the screening of nutritional status and how they are correlated with nutritional
assessment and clinical outcomes in patients with IBD and iii) focus on the rationale behind
self-screens by reviewing literature examining the use of patient-led self-screen in IBD

compared to dietitian-administered nutrition assessment and HCP-administered screens.

2.1 Overview of IBD

The intestine is a vital organ in the gastrointestinal (GI) tract required to perform essential
metabolic functions which include nutrient digestion and absorption, metabolism, fluid and
electrolyte balance, bile and waste excretion and immunological functions (21).
Inflammatory bowel disease (IBD) is a chronic, idiopathic inflammatory disorder which
causes a significant disruption of intestinal and extra-intestinal functions by affecting the
immune system in gut mucosa (1). IBD primarily comprises two major categories: crohn’s
disease (CD) and ulcerative colitis (UC) with a characteristically relapsing and remitting

courses (2).

Classically, the pathology of CD is characterized by discontinuous patchy mucosal disease
with skip lesions and transmural inflammation that can involve the entire GI tract. The
ileum is affected most frequently, either in isolation, or in combination with the colon. (22).
Conversely, in UC, inflammation is confined to the mucosa and submucosa starting in the
rectum and extending to the proximal segments of the colon with minor impact on nutrient

absorption (23).

2.1.1 Epidemiology of IBD

IBD is a public health challenge in the 21st century. Epidemiological studies have reported

an accelerating incidence and prevalence of IBD in industrialized countries (e.g. Canada,



USA, New Zealand and western Europe) (24). Over 1.5 to 2 million North Americans and
Europeans suffer from IBD (4). Outside the western world, newer epidemiological studies
suggest the occurrence of a rapid rise in disease incidence in much of the newly developed
or developing countries including Africa, Asia, South America, and Eastern Europe where
societies have become more westernised (24-27). In North America, the incidence of CD
ranges from 3.1 to 14.6 per 100,000 person-years, and UC from 2.2 to 14.3 per 100,000
person-years (28).

After three decades of a rapidly rising incidence in industrialized countries, the prevalence
of IBD exceeds 0.3% of the population, translating into a huge disease burden in these
regions (3). The prevalence of CD ranges from 26 to 322 per 100,000 persons, and for UC
from 37 to 505 per 100,000 persons, with the highest reported values observed in Europe,
and North America (3, 28). In 2015, a predictive model estimated that the prevalence of
IBD was 0.6% of the general Canadian population and could increase to 0.9% by 2025 (5).
Although, the prevalence of IBD in newly developed countries is still much lower than
industrialised countries, given the increasing incidence observed in these countries it is

expected to rise sharply (3).

2.1.2 Pathogenesis of IBD

IBD has a complex pathogenesis. The exact mechanism remains unclear. Accumulating
evidence proposes that IBD is caused by an inappropriate inflammatory response to
alteration in the composition of the gut flora in a genetically susceptible host (1). A number
of risk factors have been identified as potential risk factors for developing IBD, including
age, gender, race, genetics, smoking history, physical activity, dietary composition and
frequent use of food additives and exposure to antibiotics. Among these factors, alteration
in the traditional eating habit to a ‘western style diet’ is associated with an increased risk
of developing CD and possibly UC. This may be related to an alteration in the composition
of gut flora which is assumed to trigger immunological responses resulting in IBD (29).
In IBD, the gut is unable to appropriately down-regulate the inflammatory responses to

potential pathogens, therefore, the mucosal immune function and the intestine remain



chronically inflamed, beginning a cascade of inflammatory events including excessive
production of proinflammatory cytokines, uncontrolled activation of macrophages,

bacteria- and virus-meditated autophagy (29-31).

2.1.3 Clinical Complications of IBD

The clinical and histopathological presentation of IBD varies depending on the location
and severity of disease. Both CD and UC are lifelong diseases, with potentially disabling
symptoms such as diarrhea (bloody or non-bloody) associated with chronic or recurrent
abdominal pain (6). Other symptoms include fatigue, arthralgia, nausea, malabsorption,
anorexia, weight loss, and malnutrition, which are more common during IBD flare-ups (2,
6). Beyond the gastrointestinal complications, extra-intestinal symptoms occur in 25 to
40% of patients with IBD. Almost every organ can be influenced, but most commonly sites
involve the skin (erythema nodosum and pyoderma gangrenosum), eye (episcleritis,
uveitis, and iritis), joints (sacroiliitis and ankylosing spondylitis) and liver (primary
sclerosing cholangitis, fatty liver, and autoimmune liver disease). These symptoms can be

present with or without active intestinal disease (32).

2.2 Malnutrition in IBD

The ESPEN guideline defines malnutrition as “a state resulting from lack of uptake or
intake of nutrition leading to altered body composition (decreased fat-free mass) and body
cell mass leading to diminished physical and mental function and impaired clinical
outcome from disease” (33). There is no internationally accepted definition for
operationalizing the definition of malnutrition perhaps explaining the wide range of
malnutrition prevalence in chronic diseases. In IBD, malnutrition leads to an increased risk
of complications resulting in increased morbidity and mortality rates and decreased quality

of life (12, 13).

Malnutrition, suboptimal nutritional status and weight loss may be present at any stage of
IBD (34). Rates of malnutrition range between 20-85% for hospitalized patients with active

inflammation and 12-42% of patients in clinical and endoscopic remission depending



largely on the criteria used to define malnutrition (7-9). The prevalence of malnutrition is
higher in patients with CD than UC, up to 83% in the former, and 68% in the latter (7, 8,
13, 35). Pathophysiologically, the higher prevalence in CD makes sense given the colon
only involvement and fewer direct malabsorptive effects than in UC (36). The
etiopathogenesis of malnutrition in IBD is multifactorial and strongly related to disease
severity/activity, disease duration and the extent of inflammatory response which

accelerates the catabolic state in the body (37).

2.2.1 Etiopathogenesis of Malnutrition in IBD

A combination of factors contributes to etiopathogenesis of malnutrition in IBD.
Suboptimal food and energy intake is one of the most important contributing factors to
malnutrition in IBD patients resulting from either self-imposed dietary restrictions, taste
change and loss of appetite. This may be meditated by GI symptoms such as anorexia,
nausea, vomiting, diarrhea and abdominal pain during disease flare-ups (38-40), or fasting
due to hospitalization or procedures (35). Malabsorption and increased nutrient loss is also
linked to release of inflammatory cytokines within inflamed gut mucosa, and is strongly
associated with an alteration of epithelial function, loss of epithelial integrity, bacterial

overgrowth and translocation, and disease activity (41, 42).

Existing data propose increased resting energy expenditure (REE) as another reason for
impaired nutritional status in IBD patients. Studies on energy metabolism in IBD have
reported contradictory results; some have shown that the energy requirements did not show
any significant differences compared to healthy controls (43, 44); whereas others indicated
an increased (45-47) or even decreased REE (48). This discordance may be rationalized in
several ways, including: 1) a rise in metabolic activity at times of flare-ups compared to
remission courses (49, 50); i1) a reduction in physical activity in the acute phase of IBD

offsetting the increase in REE (46).

Drug-nutrient interactions can also have a significant impact on the absorption and
utilization of nutrients in IBD patients. Sulfasalazine and methotrexate are folic acid

antagonists and long-term treatment is a risk factor for anemia and hyperhomocysteinemia



(51). Glucocorticoids suppress intestinal calcium, zinc and phosphorus absorption and alter
utilization and metabolism of vitamin D and C and the above mentioned minerals, resulting
in alteration in bone structure and metabolic bone disease (52, 53). Moreover, the use of
long-term parenteral nutrition can leads to gut atrophy arising from complete bowel rest,
resulting nutrient deficiencies through impaired absorption of vitamin A, D, E and minerals

(51, 53).

Another important mechanism for malnutrition in IBD is bowel resection, usually
associated with a reduction in absorptive capacity of nutrients, fluid and electrolytes. In
particular, resection of the distal ileum in patients with CD can affect the absorption of
vitamin B12 and bile acids, while colonic resection can significantly decrease the
absorption of vitamin K and impair water and electrolyte reabsorption (53-56). Post-
operative malnutrition is frequently observed in both patients with CD and UC and has

been correlated with worsened surgical complications (11, 57).

2.2.2 Prognostic Implications of Malnutrition in IBD

Malnutrition is associated with a worse prognosis and increased risk of clinical and surgical
complications such as a higher infection rate and decreased quality of life (11, 58). Patients
with IBD and malnutrition have a 2-fold higher length of hospital stay (LOS) compared to
those patients without malnutrition (11.9 days versus 5.8 days, p < 0.00001) (11). CD
increases the risk of “severe” hospitalization by three-fold (OR 3.67, 95 % CI: 3.20 — 4.22;
p < 0.001), severity defined as requiring non-elective bowel surgery or hospitalization
longer than 7 days (59). IBD also increases costs, in one study, the average hospital costs
for malnourished patients were two times that of patients without malnutrition ($45,188

vs. $20,295, p < 0.0001) (11).

Numerous studies have linked malnutrition to adverse post-operative outcomes (36, 60,
61). In one study of CD, malnourished patients with weight loss > 10% within 6 months of
surgery had an increased risk of postoperative intra-abdominal septic complications such
as clinical anastomotic leakage, intra-abdominal abscess and postoperative peritonitis (p =

0.001) (60, 61). In another series of patients undergoing colorectal resection, malnutrition



was a predictive factor for infectious complications attributed to a reduction in cellular and

humoral immune responses (62, 63).

Similar to other chronic diseases (64-68), malnutrition also increases in-hospital mortality
in IBD (2.7% in malnourished compared to 0.5% in well-nourished) (11), with an in-
hospital mortality rate of 2.5 fold (95% CI: 1.93-3.24) for IBD with severe malnutrition
compared to those without (69).

2.3 What Is Screening?

The World Health Organization defines screening as a simple procedure evaluating a large
number of individuals to identify those who are perceived to be at risk of a particular
disease, but do not yet have symptoms (70). A screening test predicts the likelihood of an
individual having or developing a particular disease or condition which requires special
intervention and management (71). In some cases such as breast cancer screening, the
screen may identify those patients at an early stage of cancer (72). However, in other cases,
screening may detect a condition which can be managed before developing an illness or

disability, such as newborn metabolic screening (73).

Although there are many different screening tests frequently used in the health care system,
not all screening tests have benefited the system and patients equally. Some screening tests
can lead to over- and/or misdiagnosis and create a risk of false results (74). An ideal
screening tool has good sensitivity in addition to acceptable specificity to detect the
maximal number of affected individuals without needing to send all patients on for a

confirmatory assessment (75).

2.3.1 Nutritional Screening

The current guidelines focus on different aspects of nutrition risk to define nutritional
screening. The ASPEN definition focuses on the detection of “potential malnourished
patients” (76), whereas the ESPEN guideline suggests a much wider definition of nutrition

screening by identifying patients who are “at nutritional risk” (77). Considering both
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guidelines, nutrition screening is a process to identify early determination of patients at risk
of malnutrition who require further nutritional assessment (78). In 2006, the ESPEN
guideline defined nutrition risk as a probability of better or worse clinical outcome from
disease or surgery due to nutritional and metabolic factors (77). Various nutritional
screening tools are available to screen patients for malnutrition in clinical setting. These
screening tools are designed to be administered rapidly, by a variety of clinical and
nonclinical individuals, to evaluate risk of malnutrition in those patients who would benefit

from subsequent referrals for comprehensive nutritional assessment and therapy (79, 80).

Given the above-mentioned information, it is reasonable that the best tool to employ should
be sensitive to detect positive cases who benefit from intervention including special diets,
nutrition support, monitoring and counselling before malnutrition becomes clinically
manifested. In this regard, the majority of screening tools combine similar parameters
including unintentional weight loss and difficulties in eating (loss of appetite or reduced
food intake) (33). A positive answer to these screening questions indicates a need for
further nutritional evaluation performed by a trained healthcare professional (dietitian,

physician) (33).

2.3.1.1 Nutritional Screening in Chronic Diseases

Several nutrition screening tools have gained acceptability due to their feasibility in
different clinical care settings. The ESPEN and BAPEN (British Association for Parenteral
and Enteral Nutrition) guidelines recommend Nutritional Risk Screening 2002 (NRS-
2002) and MUST tools, respectively, to detect malnutrition in elderly care, hospital and
community settings (79). Other malnutrition screening tools including abPG-SGA,
malnutrition screening tool (MST) and CNST has been validated in oncology outpatient
and inpatient, elderly and community rehabilitation settings (17, 81, 82). Table 1 outlines

the main available nutrition screening tools and their components.
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Table 1 Summary of nutrition screening tools

Screening tool

Parameters
Weight Poor appetite/ Food
BMI Others
loss Food intake restriction

Care settings

Symptoms affecting

Oncology outpatient

abPG-SGA food intake, physical | and inpatient
activities settings
) Outpatient clinics,
Acutely ill and there ) )
o hospital wards, in
. . . has been or is likely h q
ome an
MUST to be no nutritional )
) community care
intake for > 5 days ]
settings
CNST * * Hospital
Hospital, oncology
. . outpatient and
MST community care
settings
NRS-2002 * * * Severity of disease Hospital
Hospital, oncology
NRI * Serum albumin and elderly care
settings
Psycho. stress Elderly (home-care
MNA-SF . . . Acute disease programs, nursing
Neuropsycho. homes, and
problems, Mobility | hospitals)
MIRT * * CRP Outpatient setting

IBD- specific screening tool

SaskIBD-NR

IBD outpatient

setting

Abbreviations: abPG-SGA abridged patient-generated subjective global assessment; MUST malnutrition universal

screening tool; CNST Canadian nutrition screening tool; MST malnutrition screening tool; NRS nutrition risk

screening; MNA-SF mini-nutritional screening-short form; /BD inflammatory bowel disease; SaskIBD-NR

Saskatchewan IBD-nutrition risk; MIRT malnutrition inflammation risk tool; CRP C-reactive protein
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The predictive value of NRS-2002 has been documented by conducting a retrospective
study of 128 randomized clinical trials (RCTs) of nutrition support which reported a higher
likelihood of beneficial clinical outcomes in patients fulfilling risk criteria compared to
those who did not (79). This tool is mostly suited to acute care; a study by Kondrup et al
showed that 99 % of patients could be screened easily using the NRS 2002 (83). It is
important to note that the NRS 2002 has been validated to identify those patients who
would benefit from nutrition intervention, not for categorizing them based on their risk of

malnutrition.

MUST has been evaluated in varied health care settings such as outpatient clinics, hospital
wards and in home and community care settings (84). It strongly predicts the LOS, quality
of life, morbidity, and mortality in hospitalized and outpatients (84, 85). In a multicenter
study in 1146 inpatients and outpatients, the validity of MUST and NRS-2002 were
assessed in the light of the new ESPEN consensus definition of malnutrition. MUST was
found to have a very high sensitivity and specificity for both inpatients and outpatients
(sensitivity = 96.0% for outpatients and 100% for hospitalized), while the NRS-2002
showed lower sensitivity for both outpatients (50%) and inpatients (61%) (86).

The abPG-SGA is a screening tool derived from the full version of the PG-SGA. The PG-
SGA was specially developed for patients with cancer (87). It is comprised of two sections:
1) a self-administered nutritional history completed by patients which includes 4 domains
of changes in body weight, food intake, symptoms affecting dietary intake, and functional
capacity (abPG-SGA); and ii) a clinician assessment of the disease status and its relation
with metabolic demands, nutritional requirements and physical examinations to identify
malnutrition. The latter clinician assessment section is removed from the abPG-SGA
version. In a study in chemotherapy outpatients the accuracy of the abPG-SGA was
evaluated compared to SGA - the abPG-SGA had a sensitivity of 94% and specificity of
78% and was established as a valid, practical and reliable tool for identifying malnourished
patients in an oncology setting (17). The abPG-SGA also showed high sensitivity in

oncology inpatients and outpatients with cancer cachexia (88). Other studies have
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associated a high abPG-SGA score with decreased HGS, BMI and FFM, elevated CRP

increased LOS and mortality rate in patients with cancer (88, 89).

In a cross-sectional study, the MST was investigated for validity within a community
rehabilitation setting. The MST showed high sensitivity (72%) and specificity (84%) with
acceptable positive and negative predictive value compared to the SGA (82). MST also
showed a good to excellent sensitivity of 83-100% in populations of residential care
patients, frail elderly patients at risk of hospital readmission and oncologic patients

compared to SGA (90-92).

The CNST is a new nutritional screening tool which showed promising results in its first
validity assessment study (sensitivity (91.7%) and specificity (74.8%)), and a strong
prediction of clinical outcomes (LOS, 3-day admission and mortality rate) in hospitalized

patients (81).

2.3.1.2 Nutritional Screening in IBD

According to the current ESPEN guideline for Clinical Nutrition, it is recommended that
since IBD patients are at increased risk of malnutrition, they should be screened regularly
for malnutrition with a validated screening tool (20). Screening may be required more
frequently among patients with active disease. As routine malnutrition screening is not
commonly performed as a part of IBD clinical care, this may lead to under-recognition and

under-treatment of malnutrition in this population (93, 94).

Although a number of nutritional screening tools have been validated in a variety of patient
populations such as surgical and oncologic populations, there is limited evidence for a
validated screening tool in the IBD population. Some of the currently available nutritional
screening tools that have been studied in IBD include MUST, NRS 2002, Nutrition Risk
Index (NRI), Malnutrition Inflammation Risk Tool (MIRT) and SaskIBD-NR tool (95-99).
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Although MUST has not been validated specifically in IBD population, it has been verified
as an easy, quick, reproducible, and internally consistent tool (84, 85), qualities which are
required in busy IBD clinics. According to the MUST, a range of 15.5% to 60% of IBD
patients were categorized at high risk of malnutrition (96, 99). A few IBD studies
examining the relationship between MUST and nutritional status reported that MUST had
a significant correlation (OR = 0.934, p = 0.014) with skeletal muscle index (SMI) and a
fair inter-rater reliability (k = 0.53) to fat free mass index (FFMI) in hospitalized patients
(95, 100). Similarly, NRS- 2002 also showed a significant correlation with SMI
(OR=0.928, p = 0.008) (95), and reported a range of 20 to 67.5 % of IBD inpatients with
risk of malnutrition (94, 96).

MIRT anewly developed nutritional screening tool specifically developed for patients with
inflammation (98, 99). MIRT was significantly correlated to SGA (r = 0.394, p = 0.005)
(98). SaskIBD-NR tool is a nutritional screening tool developed specifically for IBD
outpatient population. The SaskIBD-NR tool classified 19% of IBD patients at high or
medium risk of malnutrition with a significant and high agreement with the registered
dietitian and gastroenterologist assessments (k = 0.83, p <0.001). It also demonstrated very
good sensitivity (82.6%; 95%CI: 61.2 - 95) and excellent specificity (97.7%; 95%CI: 91.9
—99.7) in identifying IBD patients at nutritional risk (99).

2.3.1.3 Nutritional Screening and Clinical Outcomes in IBD

There is limited evidence associating screening tools with clinical outcomes in IBD
patients. Guerra et al. (58) found that malnutrition screening including ‘MUST’ and NRS
have a similar ability to predict hospitalisation costs compared to the ASPEN and Academy
of Nutrition and Dietetics (AND) recommended nutritional assessment. A recent Canadian
study examined the ability of MUST to predict disease activity in outpatients with IBD.
Study findings showed a strong association between a moderate to high MUST score (> 2)

and increased disease activity score in patients with CD. In UC patients, the same
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association was found only in patients at high risk of malnutrition but it was not significant
(101), however, the study did not examine outcomes over nutritional risk longitudinally.
In 2017, Takaoka et al showed that a significant association between the SGA and NRS
2002 and length of hospital stay, however this association was not significant with the

MUST (p = 0.314). None of these tools were correlated with intestinal resection (96).

MIRT was significantly associated with disease flares (p = 0.030), disease complications
(» = 0.015), CD-related surgery (p = 0.006) and history of hospitalizations (p = 0.003) in
outpatients with CD. MIRT showed a tendency towards an association with the Crohn’s
disease activity index (CDAI) (98). There is no available study examining the association

between SaskIBD-NR tool and clinical outcome.

Besides the abovementioned screening tools, there are other nutritional screening tools
such as abPG-SGA, MST and CNST that have not been studied in IBD patients. However,
evidence from other patient populations showed an association between these nutritional

screening tools and poor clinical outcomes (102-105).

2.3.2 Nutritional Assessment

Confirmation of nutrition risk is achieved through nutritional assessment. Nutrition
assessment is the gold standard tool to define nutritional status, and is used to identify
modifiable factors to inform an appropriate nutrition intervention (78). The assessment is
administered by a dietitian or a nutritional support team and is of greater complexity than
a screen (106). In general practice, the nutritional assessment is most commonly performed
using the SGA, anthropometric measurements including BMI, triceps skinfold (TSF), mid-
arm circumference (MAC), MAMC, and biochemical tests such as albumin and
prealbumin. Other assessment methods include measures of body composition such as

bioimpedance analysis (BIA) and dual-energy X-ray absorptiometry (DXA) (107).
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SGA is a clinical method recommended by ASPEN to assess undernutrition independent
of clinical setting (78). In their recent guideline, the ASPEN and AND Consensus
Statement recommended 6 constructs (insufficient energy intake, unintended weight loss,
loss of subcutaneous fat, loss of muscle mass, fluid accumulation, a decline in functional
status as measured by HGS) that had the strongest association with adult malnutrition in
routine clinical practice (108). The authors suggested that identification of two or more of
these characteristics provided evidence of malnutrition (108). The recent recommendation
by ESPEN provides a consensus-based minimum set of criteria for diagnosis of
malnutrition including two criteria: i) a low BMI (<18.5 kg/m?); ii) the combination of
unintentional weight loss AND at least one of either reduced BMI (<20 or <22 kg/m? in
individuals younger and older than 70 years, respectively) or a low FEMI (< 10 percentile)
(33). Unintentional weight loss could be >5% weight over 3 months or >10% indefinite of

time.

Alteration in muscle strength may also serve as a useful assessment method for early
detection of malnutrition (109). An assessment method based on an objective measure of
physical strength and function may be valuable (110), especially in conditions where
weight measurement is not a reliable and accurate assessment method (111). HGS is
commonly used for assessment of skeletal muscle function across clinical settings (112).
As a quick, user-friendly and cost-effective tool HGS has the capacity to detect
improvement in nutritional status following supplementation (111). Data supports that
functional assessment tools may decline earlier than changes in body composition (112,

113).

2.3.2.1 Nutritional Assessment in IBD

In the IBD population, several assessment methods have been used to evaluate a patient’s
nutritional status: clinical (SGA), anthropometric (BMI, TSF, MAC and MAMC) and body
composition (FFMI) (114). The ideal tool remains unknown. A research study in 2010
compared different methods of nutritional assessment in 75 patients with CD using SGA,

BMI, MAMC, MAC, TSF and HGS, and found that the BMI was not an effective tool to
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diagnose malnutrition in this population. Conversely, the HGS detected a high prevalence
of impaired nutritional status in patients with CD in remission compared to other
assessment methods (115). Later, in 2017 another study with a larger sample size that
included both UC and CD patients reported only 4% of patients with malnutrition
according to the SGA, rising to 7% and 11% when classifying malnutrition according to
the ESPEN guideline for malnutrition diagnosis (cut points of BMI and FFMI,
respectively) (114). A recent study showed a significant correlation between SGA and SMI
in IBD patients (95).

2.3.2.2 Nutritional Assessment and Clinical Outcomes in IBD

In a study in 333 IBD patients, malnutrition was diagnosed using the ESPEN consensus
definition (weight loss, BMI and FFMI), SGA and HGS. The univariate analysis showed
that history of abdominal surgery due to IBD was more frequent in patients with
malnutrition than in well-nourished patients [37% vs 19%, p < 0.01] (114). Moreover,
clinical activity [52% vs 27%, p < 0.001], and combination therapy (immunosupressors
plus anti-TNF) [44% vs 27%, p < 0.05] were more frequent in malnourished patients than
well-nourished patients. They also demonstrated that malnourished patients avoided some
food groups to prevent a flare [82% vs 69%, p = 0.05], and during a flare [98% vs 83%, p
< 0.01] more frequently than well-nourished patients (114). Another study in IBD found
that SGA also did not significantly predict the need for surgery (p = 0.071). However, the
same study found that SGA did predict length of stay in hospitalized patients (p = 0.008)
(96). In CD patients, SGA did not show any correlation with the duration of disease or any

other clinical outcomes (98).

Other nutritional assessment methods such as computed tomography (CT) and BIA were
also applied to assess loss of skeletal muscle mass (sarcopenia) in IBD population. The
results showed that decreased SMI (sarcopenia) had a significant correlation with need for
surgery (intestinal resection) (p = 0.003) (95, 116). A significant correlation was also found

between sarcopenia and major postoperative complications (OR = 9.24, p = 0.04) (116).
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An adverse correlation was found between skeletal muscle percent and major and overall

postoperative complication in CD patients (117).

2.4 Facilitating the Screening to Assessment Process by Using Self-Screening

Self-screening is not a new concept in medicine. By helping HCP to provide an early
referral for a comprehensive assessment and intervention (16, 118, 119), self-screening has
been utilized across disease processes including, cancer, gastroenterology diseases and
diabetes. In theory, it would be desirable if patients could reliably screen themselves with
ease and without interfering with the routine process of clinical care in a busy clinic,

increasing the rate of risk screening in health care system.

2.4.1 Self-Screening for Malnutrition

Nutrition risk self-screening is a well-known concept in clinical care, particularly in cancer
care (17, 88). Abridged PG-SGA is one of the validated self-screening tools frequently
used in cancer patients (described in more detail in the methods section below). In a study
conducted in oncology outpatients, the abPG-SGA yielded a sensitivity of 94% and
specificity of 78%, which was slightly lower than full version of PG-SGA administered by
both patient and HCP (97% sensitivity, 86% specificity). In their conclusion, abPG-SGA
was suggested as an informative, practical and valid tool for detecting malnutrition in
cancer patients (17). In addition, in a prospective cohort study in 207 advanced lung and
gastrointestinal cancer patients, a higher score of abPG-SGA (=9 vs 0 to 1) showed a
significant association with biological marker of cancer cachexia (p < 0.05), decreased
anthropometric and physical measurements such as BMI (22.5 vs. 27.1 kg/m?), fat mass
(14.4 vs. 26 kg), hand grip (24.7 vs. 34.9 kg) and leg strength, longer LOS (greater than
12%) and increased mortality (88).

Other validated nutrition screening tools such as MUST and MST have been employed as
self-screening tools in different clinical settings. In a study of 205 outpatients in UK, the

3-category classification (low, medium, high) of MUST showed 90% agreement (x = 0.70,
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p = 0.001) between patient-led and HCP-administered screen; this agreement increased
when the 2-category classification of MUST (low risk, medium and high risk) used to
screen patients (93%; k = 0.78, p = 0.001) (15). This finding is consistent with previous
work by McGurk et al (16) demonstrating perfect agreement (k = 1.00) between self-screen

and HCP-led MUST screen in gastroenterology outpatients.

A recent study in an ambulatory cancer care setting studied MST as a nutrition self-screen,
and found ‘almost perfect’ agreement (k = 0.96) between patient-led and dietitian-
administered MST with high inter- and intra-rater reliability which reported MST as a
reliable, user friendly screening tool in this population (14). Another study on patients
attending oncology clinics showed that the categories of abridged PG-SGA tool was well
correlated with BMI, and total and appendicular fat mass measured by DXA, but not with

lean mass (88).

2.4.2 Malnutrition Self-Screening in IBD

In IBD, the patient-administered MUST was in excellent agreement with a HCP-led MUST
screen (18); while another study in IBD patients reported moderate agreement (kx = 0.486,
p < 0.001) between patient-led and HCP-led MUST screen, with 100% agreement in
scoring for medium to high risk of malnutrition (19). These two studies were consistent
with studies in other populations where patient-administered screening tools such as
MUST, abridged PG-SGA and MST were shown to be valid and efficient means of
detecting those at high-risk of malnutrition (14-16).

Notably, to date, patient-led self-screens have not been compared to the ASPEN-
recommended assessment of malnutrition (SGA) administered by a dietitian. The purpose
of the present study was to examine the validity of patient-led self-screens for identifying

malnutrition in patients with IBD.
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CHAPTER 3: MATERIAL AND METHODS

3.1 Overview of Study Design

“The Validity of Patient-led Self-screens for Identifying Malnutrition in Inflammatory
Bowel Disease” was a cross-sectional study conducted at the University of Alberta in
Edmonton and the University of Calgary in Calgary, Alberta, Canada, from May 2017 to
March 2018. Patients meeting eligibility criteria completed self-screens, and were screened

and assessed for nutritional status by a HCP and dietitian, respectively.

3.2 Ethics Approval
Ethical approval was obtained from the Health Research Ethics Board at the University of
Alberta and the University of Calgary (Identifier: Pro00073470). Oral and written informed

consent was obtained from all patients prior to their participation in this study.

33 Participants
A convenience sample of eligible patients was recruited from the IBD outpatient Clinics at
the University of Alberta and the University of Calgary. Patients were screened for

inclusion and exclusion criteria.

3.4  Inclusion Criteria
Outpatients with age 18 years and older, and those with diagnosis of IBD (CD or UC) as

per standard diagnostic criteria.

3.5  Exclusion Criteria

Patients were excluded from enrolment if they were pregnant or had chronic renal failure
on dialysis, chronic pulmonary disease on home oxygen, congestive heart failure with an
EF <40%, and inability to provide informed written consent due to physical or mental

impairment and or had English language difficulties.
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3.6 Patient Evaluation

Patients meeting study eligibility were provided with an information sheet (Appendix A1),
which outlined the purpose, procedures, risks and possible benefits involved with
participation in this study. The patient’s written informed consent was obtained. Informed

consent included access to patient’s electronic medical charts.

3.6.1 General Data Collection
General data collection sheets (Appendix A2) included demography, clinical history and
disease activity/severity data either completed by a HCP (a medical student or research

assistant) through an interview or obtained from patient’s chart review.

i. Demography and Clinical History Data

Baseline evaluations administered at the IBD outpatient clinics were gathered about each
patient (Appendix A 2-1):

a) Demographics — age, sex, ethnicity

b) Alcohol intake — estimate daily or weekly frequency/quantity

d) Smoking

e) History of hospitalization in past 12 months

f) History of abdominal surgery

g) Co-morbidities

h) Medications and supplements

ii. Grading Disease Activity/Severity of IBD

Patients were assessed for their severity of disease. They completed the first two sections
of the Harvey—Bradshaw Index (HBI) and the Partial Mayo Scoring Index (Mayo) forms
for CD and UC, respectively, and then a HCP completed the evaluation and classified

patients according to their severity of disease.
Disease severity was assessed in three primary domains: impact of disease on patient

(clinical symptoms, patient reported outcomes, quality of life, fatigue, and disability);

disease course (such as structural damage, number of flares, perianal disease, history of
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intestinal resection, and extraintestinal manifestations); and measurable disease burden
(extent, location, and severity of bowel inflammation at a given time). The HBI and Mayo

forms used in this study are presented in Appendix A 2-2.

3.6.2 Nutritional Screening and Assessment Methods

After obtaining the demographic and disease activity data, nutritional screening was
performed in two phases:

1. Patient Self-screens — Eligible patients were provided with a single instruction sheet
following four self-screens. The patients were initially asked to complete self-screens
independently.

2. HCP screen — after the self-screening process, the HCP measured patient’s height and
weight, calculated BMI, and completed the nutritional screening tools (abPG-SGA, MUST,
CNST and SaskIBD-NR) for each patient.

3. Dietitian - Once the nutrition screening (patient-led and HCP-led) were completed, the
dietitian (blinded to patient and HCP screen data) performed a complete nutritional
assessment to evaluate the patient’s nutritional status for indications of malnutrition.

The detailed description of each method and tool used for nutritional screening and

assessment are described in the following section:

3.6.2.1 Nutritional Screening Tools

For nutritional screening, a commonly used screening tool (MUST), a Canadian nutrition
screening tool (CNST) and an IBD-specific screen (SaskIBD-NR) were selected for
detecting the risk of malnutrition in this patient population. The abPG-SGA also selected
for the nutrition screening process in the study due to its unique design including symptoms
affecting food intake which are severely compromised in the majority of IBD patients (2,

120).

The categories and principle of each tool are described below:
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i. Malnutrition Universal Screening Tool (MUST)

MUST was developed in the UK by the Malnutrition Advisory Group to identify patients
at risk of malnutrition, who could benefit from further nutritional intervention (84). The
nutritional risk is assessed through calculation of BMI, assessment of unintentional weight
loss in the last 3-6 months, and the presence of any acute disease, in which there was an
insufficient food intake calculated for a period equal to or greater than 5 days. The total
score ranges from 0 to 2, indicating the presence of a mild, moderate, or severe risk of
malnutrition (low risk = 0, moderate risk = 1, and severe risk = 2) (84). The MUST form

is shown in Appendix A 3-1.

ii. Canadian Nutrition Screening Tool (CNST)

In the Nutrition Care in Canadian Hospitals (NCCH) Study conducted by the Canadian
Malnutrition Task Force, the CNST was developed which is validated in hospitalized
patients (81, 121). The CNST is a quick, two-item questionnaire including weight loss and
poor food intake in which a ‘‘yes’’ answer for both questions classifies the patient at

nutrition risk who requires a referral to a dietitian for further nutritional assessment

(Appendix A 3-2).

iii. Saskatchewan IBD—Nutrition Risk (SaskIBD-NR)

The SaskIBD-NR Tool was recently developed screening tool by a Canadian research
group specifically for the IBD population (99). The SaskIBD-NR Tool evaluates four
components: gastrointestinal symptoms, weight loss in past one month, poor food intake,

and food restrictions (99). The SaskIBD-NR Tool is presented in Appendix A 3-3.

iv.  Abridged Patient-Generated Subjective Global Assessment (abPG-SGA)

The abridged PG-SGA contains four main domains including weight loss history, dietary
intake, symptoms affecting food intake and activities and function. The total score provided
by this screening tool is gained from the sum of scores in each domain and provides a

global rating system which is described as follow:
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a. Score 0 to 1 indicates no nutritional support is required and the patient just needs
routine re-evaluation for planning future care plan;

b. Score 2 to 3 means patients and their families need to be educated for nutrition
aspects of their disease by a health professional such as a nutritionist, dietitian or a
nurse based on the signs and symptoms assessment and laboratory results;

c. Score 4 to 8 shows that nutritional support should be provided by the dietitian in
conjunction with physicians or nurses based on patient’s symptoms;

d. A Score > 9 indicates a crucial need of urgent nutritional support and symptom
management.

Patient with higher abPG-SGA scores demonstrate the greatest risk of malnutrition. Similar
to the SGA, the abPG-SGA global rating also classifies a patient’s nutritional status into
three categories of “well-nourished or anabolic” (abPG-SGA A), “Moderately or suspected
of being malnourished” (abPG-SGA B), or “Severely malnourished” (abPG-SGA C).
(122). The abPG-SGA form is present in Appendix A 3-4.

3.6.2.2 Nutritional Assessment

Based on the ASPEN and ESPEN guidelines, patient’s nutritional status was assessed by
using multiple assessment methods. The primary assessment method for defining
malnourished or not was the SGA. BMI, MAMC, and HGS were added as secondary

assessment methods. These methods were structured as described below:

v.  Subjective global assessment (SGA)

SGA consists of five parts (Appendix A 4-1): unintentional weight change, change in food
intake, change in appetite (e.g., decreased or increased appetite, early satiety),
gastrointestinal symptoms (e.g., diarrhea, nausea, vomiting), and physical markers of
malnutrition such as the detection of muscle wasting and subcutaneous fat loss, ascites and
peripheral edema. SGA classified patient’s nutritional status into three categories: class A
(well nourished), class B (mild or moderately malnourished), or class C (severely
malnourished). Although, the SGA was not developed specifically for patients with IBD,
the existing evidence suggests sufficient validity, reliability, and prognostic value for its

use in this patient population (114, 115, 123).
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vi.  Anthropometric measurements

All patients underwent measurements of weight and height. Body weight was measured to
the nearest 0.1 kg. Height was recorded to the nearest 0.1 cm by using a stadiometer. Each
individual’s BMI was calculated by using the following formula: BMI = weight (in kg)/
height (in m?). The other anthropometric measurements include triceps skinfold thickness
(TSF) and mid-arm circumference (MAC) in order to calculate the mid-arm muscle
circumference (MAMC) (124). MAMC was calculated by using the following formula:
MAMC = avg. (MAC in cm) — [3.14 x avg. (TSF in mm)] (Appendix A 4-2).

MAMC below the 10" percentile was considered as a cut-off for both moderate/severe
malnutrition as previously defined by Alberino et al (66). The results were compared to

normality tables in percentiles based on age and sex, according to Frisancho (125).

vii. Hand-grip strength (HGS-Functional assessment)

HGS was measured in the dominant hand by using a Jamar® Hydraulic Hand dynamometer
(model 2010, Sammons Preston Rolyan, Bolingbrook, Illinois), and where this was not
possible (patients with arthritis or other secondary diseases), the patient’s non-dominant
hand was used and this detail was recorded. The best of 3 consistent attempts was recorded,
allowing a recovery of >1 min between attempts (Appendix A 4-3).

Our results were compared to normality tables in percentiles for Canadian male and female
aged of 6 to 79, according to Canadian Health Measures Survey (126). As previously done,
the 5™ percentile was utilized as a reference point for abnormally low hand-grip strength

(127).

3.7  Sample Size

The primary objective of the study was to test the difference in the estimated prevalence of
correctly identified malnourished subjects at the patient-led and HCP-led screening tools
vs. the dietitian-administered nutritional assessment method (SGA). Considering an
estimated prevalence of malnutrition in outpatients with IBD of 30%, an average value
from previous studies (RW.ERROR - Unable to find reference:1078), to estimated

sensitivity and specificity with 10% margin of error with a confidence interval of 95% and
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a significance level of 5%, a sample size of 186 patients was determined. A final sample
of 200 participants was set as practically feasible to account for potential dropouts or

missing data.

3.8 Statistical Analysis

The predictive values of patient-led and HCP-led nutrition screening versus dietitian-
administered SGA were estimated through the evaluation of sensitivity (percentage
correctly identified as malnourished), specificity (percentage correctly identified as well
nourished), positive and negative predictive values (likelihood that the presence or absence
of malnutrition is correctly predicted by the tool). For this analysis only two levels of risk
were considered for screening tools and SGA, aggregating patients with a moderate or high
risk of malnutrition (for screening tools) and with moderate or severe malnutrition (for
SGA) within a single level of risk. Since the present study is a screening study, it
necessitates a sufficiently high degree of sensitivity (129). According to previous studies
validating screening tools (81, 99, 130, 131), in this study, the degree of sensitivity was
defined: 85% and greater indicating high sensitivity and 65 to 85% indicating satisfactory
sensitivity. A screening tool with sensitivity lower than 65% was not considered a sensitive

tool to screen malnutrition in IBD outpatients.

Inter-rater reliability (agreement) between the screening methods administered by patients
and HCP was also predicted by the kappa (k) statistic. The value of k varies from 0 to 1,
with values less than 0.2 indicating poor, 0.21-0.4 fair, 0.41— 0.6 moderate, 0.61-0.8

substantial, and more than 0.8 almost perfect concordance (132).

Distributional assumptions were tested. Continuous variables are presented as mean + SD
or as median + interquartile range (IQR), as appropriate. Categorical variables were
described based on frequencies and percentages. Cochran’s test was used for comparison
of different methods for identifying the risk of malnutrition. The Pearson’s chi-square test
or Fisher’s exact test was used to evaluate the association between categorical variables.
The Student’s t-test was used to compare the continuous variables in relation to IBD types

and malnutrition categories.
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Contingency tables classifying the screening tools and the SGA (B and C combined as
malnourished) results were established to determine the criterion validity of the tool
(sensitivity, specificity, PPV and NPV). Inter-rater agreement was assessed using the
Kappa coefficient. Univariate and multivariate logistic regression analysis was used to
identify independent predictors of malnutrition. Statistical significance was reported as p
<0.05. Statistical analysis was performed using SPSS statistical software (SPSS Inc.
Wacker Drive, Chicago, IL, USA).
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CHAPTER 4: RESULTS

4.1 Flow of Patients through Selection Process

Two hundred and four IBD (131 CD and 73 UC) outpatients were consecutively recruited.

Out of 344 IBD patients approached to participate to the study, 140 did not meet the

inclusion criteria, declined to participate or did not complete the study survey. Individual

patient data were available and analyzed for all 204 patients completed nutritional

screening and assessment. Figure 1 shows the flow of patients through the study.

Identified prospective IBD
outpatients (n=344)

!

IBD outpatients completed
the study (n=204)

!

Obtained patient’s written
consent

Patient completed
self-screens including

Patients excluded (n=140)
- In a hurry or not interested in
research participation (n=122)
- Too much rush in the clinic
(n=12)
- Non-English speakers (n=3)
- No glasses (n=3)

abPG-SGA, MUST, »

HCP

- Obtained baseline information
such as measuring height, and

weight;

- Collected demographic,

clinical history data;

Dietitian

- Measured mid-arm
circumference and
triceps skinfold;

» - Measured the HGS
using dynamometer;

CNST, and SaskIBD-
NR.

Figure 1 IBD patient malnutrition screening flow chart through the study

- Assessed disease activity
using HBI and Mayo scores.

- Completed nutrition screening
using the abPG-SGA, MUST,

CNST and SaskIBD-NR tools.

- Completed the
nutritional
assessment using
SGA.
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4.2 Patient Characteristics

The participants included 131 (64%) CD and 73 (36%) UC patients, half of them were
female (50.5%), 89% were Caucasian. The baseline patient characteristics of the study
population is summarized in Table 2. The mean age for all participants was 42.32 + 15.6
years [range = 18 - 86]. Based on the HBI and partial Mayo scores, 12.8% of CD and 11.3%
of UC patients had moderate to severe disease activity. Seventy-two percent had a history
of abdominal surgery due to IBD, and 17 % were current smokers. The most common
symptoms affecting dietary intake in this population were diarrhea (21 %), poor appetite
(19.6%), pain (18 %), and fatigue (17.7 %). The only demographic/ clinical characteristics
that were significantly different by IBD status (UC versus CD) were smoking status and
the number of IBD-related surgeries - those with CD were more likely to be a current
smoker and have more surgeries compared to UC patients (p < 0.001). In addition, the use
of biologic and immunomodulators was significantly higher in CD patients compared to
UC, while in UC, the use of 5-ASA was significantly higher than CD patients. Patients
with CD consumed more supplements than UC patients, however, this association did not

reach statistical significance for the subgroup.

Table 2 Demographic and clinical characteristics of the study participants

Total IBD CD ucC Povaluc’
isti -value'
Characteristics (n=204) (n=131) (n=73)

Age, years 423 +£15.6 38.8+15.7 443 £153 0.934
Sex, 1 (%) 0.163
Male 101 (49.5) 61 (46.6) 40 (54.8)

Female 103 (50.5) 70 (53.4) 33(45.2)

Ethnicity [Caucasian], n (%) 182 (89) 121 (92.4) 61 (83.6) 0216
Current smoker, 1 (%) 34 (16.7) 29 (22.1) 5(6.8) 0.017*
Current alcohol drinker, n (%) 143 (70) 93 (71) 50 (68.5) 0.920
Hospitalization history for IBD 39.(19.3) 22 (17.1) 17 (23.3) 0.185

in past 12 months, n (%)
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. _ _
History of abdominal surgery 77 (39.1) 74 (58.3) 3(43)
related to their IBD, n (%) 0.001*
Treatment of IBD, n (%)
5-ASA 49 (24) 17 (13) 32 (43.8) 0.000*
IMMs 88 (43.1) 65 (49.6) 23 (31.5) 0.009*
Biologics 127 (62.3) 89 (67.9) 38 (52.1) 0.019*
Steroids 36 (17.6) 23 (17.6) 13 (17.8) 0.554
Supplements 124 (60.8) 85 (64.9) 39(53.4) 0.073
Disease activity, n (%) 0.485
Remission 119 (69.6) 78 (71.6) 41 (66.1)
Mild 31 (18.1) 17 (15.6) 14 (22.6)
Moderate 17 (8.3) 11 (10.1) 6(9.7)
Severe 4(2) 3(2.8) 1(1.6)
Symptoms affecting dietary 0.520
intake, n (%)
Diarrhea 43 (21.1) 28 (21.4) 15 (20.5)
No appetite 40 (19.6) 28 (21.4) 12 (16.4)
Pain 37 (18.1) 24 (18.3) 13 (17.8)
Fatigue 30 (14.7) 20 (15.3) 10 (13.7)
Nausea 28 (13.7) 18 (13.7) 10 (13.7)
Early satiety 19.(9.3) 14(10.7) 5(6.8)
Vomiting 14 (6.9) 9(6.9) 5(6.8)

Data are presented as mean = SD and n (%), using an unpaired t-test and a chi-squared test,
respectively, to test for differences by IBD groups.

P-values represent differences between subgroups UC and CD only.

Abbreviations: /BD inflammatory bowel disease; CD Crohn’s disease; UC ulcerative colitis;

5-ASA 5-aminosalicylates; IMMs immunomodulators.
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4.3 Primary Objective: Validity of Nutritional Self-Screening and HCP-led

Screening Compared to Dietitian-administered Assessment

All patients were able to screen themselves. Patients classified themselves at moderate to
high risk of malnutrition in 39% of cases using abPG-SGA, 32% SaskIBD-NR, 21%
MUST and 11% using CNST. From the results derived from HCP-led screening, 36% of
patients were at medium to high risk of malnutrition screened by abPG-SGA, 28%

SaskIBD-NR, 21% MUST and 9% using CNST.

The ability of the screening tools to predict assessment result is summarized in Table 3,
with the abPG-SGA and SaskIBD-NR having better test characteristics than the MUST
and CNST tools for detecting the risk of malnutrition in IBD patients.

Table 3 Comparison of sensitivity, specificity, PPV and NPV of dietitian-administered SGA
with patient-led and HCP-led screening tools

Screening tools Sensitivity Specificity PPV NPV

Patient-led (%)

abPG-SGA 89.2 71.9 413 96.8
SaskIBD-NR 67.6 75.4 37.9 91.3
MUST 514 85.6 44.2 88.8
CNST 29.7 92.8 47.8 85.6

HCP-led (%)

abPG-SGA 89.2 75.4 44.6 96.9
SaskIBD-NR 70.3 80.8 44.8 92.5
MUST 59.9 88 524 90.7
CNST 324 95.8 63.2 86.5

Data are presented as frequency n (%) using a chi-squared test

Abbreviations: HCP health care practitioner; abPG-SGA abridged patient generated-subjective global
assessment; SaskIBD-NR Saskatchewan IBD- Nutrition Risk; MUST Malnutrition universal screening tool;
CNST Canadian nutrition screening tool; PPV positive predictive value; NPV negative predictive value.
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4.4 Secondary Objectivel: Inter-Rater Reliability between Self-Screening and
HCP-led Screening

Table 4 presents a comparison of the risks of malnutrition as identified by self-screens and
the HCP-led screens. To summarize, the HCP-led screens demonstrated that the abPG-
SGA and SaskIBD-NR classified more patients at medium and high risk of malnutrition as
compared to the other two tools. There was a moderate agreement between the patient-led
and HCP-led abPG-SGA, MUST and SaskIBD-NR, as determined by the « statistic (p <
0.001).

Table 4 Risk of malnutrition obtained from patient-led self-screens and HCP-led screening tools,

and the inter-rater reliability between these two screening methods

HCP-led screening’ Inter-rater reliability
Screening tools
no or low Medium to Kappa
Patient-led self-screens’ risk high risk (95% CI)
no or low risk 108 (83.1) 16 (21.6) 0.60
abPG-SGA | Medium to '
o 22 (16.9) 58 (78.4) (0.49 -0.72)
high risk
no or low risk 121 (82.9) 17 (29.3) 051
SaskIBD-NR | Medium to '
o 25 (17.1) 41 (70.7) (0.37-0.64)
high risk
no or low risk 148 (91.4) 13 (31) 0.59
MUST Medium to '
o 14 (8.6) 29 (69) (0.46 - 0.74)
high risk
no or low risk 147 (90.2) 12 (28.4) 0.49
CNST Medium to '
o 19 (9.2) 26 (67.6) (0.45-0.51)
high risk

*Data are presented as frequency n (%) using a chi-squared test
Abbreviations: HCP health care practitioner; abPG-SGA abridged patient generated-subjective global
assessment; SaskIBD-NR Saskatchewan IBD- Nutrition Risk; MUST Malnutrition universal screening tool,

CNST Canadian nutrition screening tool.

33



4.5 Secondary Objective2: Prevalence and Predictive Factors of Malnutrition

Table S shows the results obtained for the dietitian-administered nutritional assessment.
The mean BMI was 26.4 £ 5.5 kg/m?, of which 7 patients (3.4 %) were underweight, 83
(40.7 %) were normal, 114 (56 %) were overweight and obese (37.3% overweight; 18.6%

obese).

Of the 204 IBD patients who underwent nutritional assessment, 18% had SGA grade B or
C. BMI was below 18.5 kg/m? in 3% of patients, while 22% of the patients had MAMC
below the 10™ percentile, and 31% had HGS below the 5™ percentile, according to sex and
age (Table 5). Fifty-one percent of the patients met at least one criteria for malnutrition.
Across tools, the prevalence of malnutrition was higher in patients with UC compared to

CD, however the difference was not statistically significant.

Table 5 Values obtained in the dietitian-administered nutritional assessment according to the

different methods employed

IBD CD ucC
Parameters P-value'
(n=204) (n=103) (n="73)
Heighti, cm 170.6 £ 9.8 1709+ 10.3 170.2 £ 8.8 0.609
Weighti, kg 77+17.5 76.6 17 77.8 £18.5 0.646
BMI¥, kg/m2 264 +5.5 262 +5 26.8+6 0.406

Nutritional assessment methods, n (%)

SGA (B+C) 37 (18.1) 20 (15.3) 17 (23.3) 0.109
BMI (<18.5 kg/m?) 7 (3.4) 4(3.1) 3 (4.1) 0.487
MAMC (< 10" % tile) 44 (21.6) 25 (19.1) 19 (26) 0.164
HGS (< 5" % tile) 63 (30.8) 39 (30.5) 23 (31.5) 0.408

TP-values represent differences between subgroups Crohn’s and UC only.
*Data are presented as mean + standard deviation. *2 missing data; ® 1 missing data

Abbreviations: BMI body mass index; SGA subjective global assessment; MAMC mid-arm muscle

circumference; HGS handgrip strength.
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When defined by SGA, on multivariate analysis, the independent predictors of malnutrition
were disease activity and sex, male gender being protective. Male gender and lower BMI
increased the risk of having an abnormal MAMC. Male gender and >10% weight loss in

the last 6 months increased the risk of having an abnormal HGS.

Malnourished participants identified by SGA and MAMC were more likely to have a lower
BMI than those who were well nourished (p = 0.044 and 0.003, respectively), but there

was no association in those diagnosed using HGS.

The result of univariate and multivariate analyses of the risk factors predicting malnutrition
using SGA, MAMC and HGS are summarized in Table 6. In univariate analysis, all
variables including age, sex, IBD type, smoking and alcohol intake status, history of
hospitalization and abdominal surgery, severity of disease, BMI, consumption of
supplements, IBD medications, weight loss, food restriction, and presence of
gastroenterology symptoms were tested and those variables with statistically significant
association in the univariate analysis were presented in the table. A potential limitation of
this section is that we may be underpowered to have 6 variables be statistically significant

on the multivariable analysis. This needs to be confirmed in subsequent studies.

Table 6 Unadjusted and adjusted odds ratio in univariate and multivariate analyses for the

predictors of abnormal malnutrition assessment in IBD patients

Univariate analysis Multivariate analysis’
OR OR
_ P-value! P-value
Risk factors (95% CI) (95% CI)
S$GA
1.032 1.023
Age 0.007 0.142
(1.009-1.056) (0.993-1.054)
0.309 0.360
Sex (male) 0.003 0.035%*
(0.141 - 0.679) (0.139-0.930)
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Hospitalized for
2.896 2.629
IBD in past 12 0.009 0.062
(1.309 - 6.408) (0.954 - 7.250)
months
History of 2.875 1.579
] 0.039 0.451
abdominal surgery (1.056 —7.823) (0.482 —5.167)
0.923 0.919
BMI 0.044 0.052
(0.853 —0.998) (0.844 —1.001)
4 2.760
Disease activity 0.007 0.045*
(1.474 — 10.858) (1.924 — 8.239)
MAMC
3.066 4.163
Sex (male) 0.002 <0.001*
(1.494 — 6.293) (1.895 -9.145)
0.844 0.814
BMI <0.001 <0.001%*
(0.773 - 0.922) (0.737 - 0.899)
HGS
1.702 2.003
Sex (male) 0.013 0.017*
(1.205 — 8.848) (1.247 — 8.869)
>10% weight loss 7.891 7.532
0.012 0.017*
in past six months (1.306 —39.027) (1.443 —39.036)

*In the multivariate analysis, all variables including age, sex, IBD type, smoking and alcohol intake status,
history of hospitalization and abdominal surgery, severity of disease, BMI, consumption of supplements,
IBD medications, and weight loss symptoms were tested and those variables with statistically significant
association in the univariate analysis were presented in the table.

£ Only those risk factors with a significant association with malnutrition were presented in the table.
Abbreviations: BMI body mass index; SGA subjective global assessment; MAMC mid-arm muscle
circumference; HGS handgrip strength.
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CHAPTER 5: DISCUSSION

We are aware of only two published studies which have evaluated the self-screening tools
in IBD — both studies utilizing the MUST. These studies focused on feasibility and
reliability of the patient-led MUST compared to a HCP-led MUST (18, 19). The present
study is the first to examine the validity of patient-led self-screens compared to a dietitian-
administered nutritional assessment for identifying the risk of malnutrition in outpatients

with IBD. Our results suggest that the patient-led abPG-SGA and SaskIBD-NR are valid

and accurate tools in detecting patients at risk of malnutrition. We also present novel data
around the inter-rater agreement between the patient-led and HCP-led screening tools, as
well as the prevalence and predictive factors of malnutrition (based on nutritional

assessment tools) in our study population.

5.1 Validity of Self-Screens Compared to Dietitian-Administered Nutritional

Assessment

For any screening and diagnostic tool, a compromise between sensitivity and specificity is
observed. As discussed above, nutritional screening is the initial approach for detecting
nutrition risk, thus, a screening tool ideally optimizes sensitivity; and further nutritional
assessment goes on to confirm the diagnosis of malnutrition. In regard to our primary
objective, we determined that the patient- and HCP-led abPG-SGA and SaskIBD-NR can
accurately detect malnourished or at risk of malnourished patients with good sensitivity
and specificity compared to dietitian-administered nutritional assessment. The sensitivity
was only fair to negligible for patient-led and HCP-led MUST and CNST in our study

population.

To our knowledge, there are no previous reports in the literature evaluating the
implementation of abPG-SGA in an IBD population. Existing data in other clinical
populations report an excellent sensitivity (93.8%) and good specificity (78%) for detection
of malnutrition in oncologic patients in an outpatient setting (17). Similar finding was made

in other study in chemotherapy outpatients, reporting high sensitivity (80.4%) and
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specificity (72.3%) of abridged version of PG-SGA for evaluating nutrition risk compared
to full version of PG-SGA undertaken by accredited practicing dietitian in Australia (130).

In this study both patient and HCP-led abPG-SGA showed a high sensitivity of 89% and
specificity of 72% and 75%, respectively. This high predictive value is likely related to the
comprehensive evaluation that the abPG-SGA provides — including not only important
information on specific symptoms that can adversely affect food intake (2, 120) but also a
patient’s functional status and activities. In addition to providing a nutrition screen, this
information is of practical value for providing solutions to barriers to intake in the overall
development of an appropriate nutrition care plan. Why did the abPG-SGA not detect all
patients (ie) why was the sensitivity not 100%? On looking at the data, we suspect this may
be related to the way that the question regarding symptoms was worded in the abPG-SGA
— it asks for symptoms that affect food intake. Of the 37 patients who were not picked up
as being malnourished by the abPG-SGA (but were found to be malnourished by the
dietitian led SGA assessment), 9 of them did not mark any abnormalities in the section
related to the symptoms affecting food intake (e.g. diarrhea, nausea, vomiting, etc.). On
dietitian questioning, 25 of these patients had symptoms. Therefore, although these
symptoms may not have kept the patient from eating, they can still cause malabsorption

and then accelerate malnutrition in this patient population (8, 20).

In the second position, the SaskIBD-NR tool was suggested as an acceptable self-screening
tool for malnutrition assessment in IBD population with satisfactory predictive validity
(self-screens: 68% sensitivity and 75% specificity; HCP-led screens: 70% sensitivity and
81% specificity). This finding was consistent with result of previous work by Haskey et al
reporting sensitivity of 82.6% and specificity of 97.7% compared to the registered dietitian
and gastroenterologist assessment (99). We hypothesize that the high sensitivity and
specificity can be attributed to two important components of this IBD-specific screening
tool — the scoring of GI symptoms and food restriction in this population. Food restriction
and specific avoidance of food are very common in IBD patients and multiple studies
discussed this issue in IBD which can lead to malnutrition (35, 53, 114). In our study, 57%

of malnourished patients had been restricting a certain food or food group from their diet
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and 70% had experienced one of the GI symptoms for greater than two weeks. Food
restriction is not a part of the other screening tools. Uniquely therefore, the SaskIBD-NR
tool by considering these parameters was able to detect malnutrition risk with better
sensitivity and specificity compared to MUST and CNST that do not take these factors into

account.

We found a poor sensitivity (51%) but high (86%) specificity for patient-led MUST
screening compared to dietitian-nutritional assessment. There is no previous IBD study
examining the validity of patient- led MUST compared to dietitian assessment. However,
in studies conducted in other patient populations with acute conditions, MUST showed
high sensitivity and specificity compared to assessment methods. In a study in a radiation
oncology setting, a high predictive value (80% sensitivity and 89% specificity) was found
for MUST with a relatively high capacity to effectively detect patients at nutritional risk in
this population (131). Similarly, another study in patients undergoing cardiac surgery,
MUST showed high sensitivity of 74% compared to low FFMI measured using BIA (133).
The poor sensitivity of patient-led and HCP-led MUST in IBD studies may be related to
the value of BMI reported in these patient population. Of the 43 patients who were not
classified themselves as a at moderate/high risk of malnutrition by the MUST (but were
found to be malnourished by the dietitian led SGA assessment), 24 (84%) of them had
“normal” or “overweight/obese” BMI. Therefore, MUST misclassified these patients as
not at risk of malnutrition, and they might not refer for further assessment and their poor
nutritional status would be masked by their normal or overweight/obese BMI. Hence, the
MUST might not be a sensitive and that since we had a high proportion of obesity, this

may present some limitations for our group of patients.

Another possible reason for the fair sensitivity could attributed to a small number (11/43;
26%) of our patients who were at risk of malnutrition assessed by MUST, answering “they
are acutely ill and would not be able to have nutritional intake for more than 5 days”. None
of these patients scored positive for this question during the dietitian assessment. This is

consistent with the result of a study in gastroenterology outpatients assessing the
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practicality of a self-screening MUST versus screening undertaken by a trained health
professional (15). The situation of no food intake for more than 5 days is unlikely to apply
to non-hospitalized patients. In addition, as the patient should have both conditions (being
acutely sick and no or low food intake for more the 5 days) in order to be scored positive,

the likelihood of this in outpatients is very low.

CNST is a two-question screening tool evaluating patient’s recent weight loss and reduced
food intake. In the present study, we found very low sensitivity and specificity between
patient-led and HCP-led CNST and dietitian-administered assessment. There is no
previous study used this screening tool in IBD outpatients. The only study conducted in
hospitalized patients (30% of patients recruited from a GI ward) reporting good sensitivity
(91.7%) and specificity (74.8%) between two groups of interviewers (untrained nursing
personnel and diet technicians) (81). We hypothesize this discordance may be attributed to
two reasons. First, CNST is mainly developed for an inpatient setting, and since our study
population was outpatients, and the majority of them (88%) were in remission or had mild
disease activity they might not present severe weight loss or poor eating at the time of
screening. Therefore, CNST may not be sensitive to measure the small magnitude of
changes observed in outpatients. Accordingly, the majority of malnourished patients were
misclassified as well-nourished according to this screening tool (26/75 (70%) of patients).
In the present study, the screening tool was compared to dietitian administered nutritional
assessment methods to make sure that those who identified as malnourished or at risk of
malnutrition were accurately diagnose with malnutrition; however, in the previous work
by Laporte et al (81), both diet technician and untrained nursing personnel conducted the

same screening and did not compare their results with nutritional assessment (81).

Each of the tools used for screening for malnutrition in the current study has potential
benefits and limitations in an IBD outpatient population. The abPG-SGA is an accurate
and simple screening tool for detecting malnutrition risk in IBD outpatients. One important
advantage of this tool is that the presence of symptoms affecting food intake particularly

diarrhea, poor appetite, abdominal pain are very common in patients with IBD and can
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adversely affect patient’s nutritional status (35, 37). Our findings above suggest that this
specific series of question may benefit from some modification as it refers to the influence
of symptoms on intake, not just the presence of symptoms alone. This hypothesis requires
testing in a larger group of patients. An important advantage of the abPG-SGA tool is that
the patient’s physical activity is taken into account. Existing data demonstrates an inverse
association between physical activity and the development of IBD, suggesting a protective
role of physical activity for IBD-related diseases (134, 135). A possible limitation of the
abPG-SGA is that it only scores weight change (as opposed to BMI) in its grading system
and has no compensatory measures for already underweight patients upon screening. Thus,
if one compares a morbidly obese patient with identical symptoms and relative weight loss
to a patient who is already underweight, these patients could obtain similar scores (88,
136). However, due to high correlation between the percentage of weight loss and risk of
malnutrition and clinical outcomes (137, 138), this disadvantage may be covered by other
aspects of the screening. Moreover, the high sensitivity and specificity of the abPG-SGA
indicates that it strongly predicts patient’s nutritional status as defined by nutritional

assessment methods.

The SaskIBD-NR tool is another screening tool which showed an acceptable predictive
value in IBD outpatients. One of the unique features of this IBD-specific screening tool is
the presence of questioning about food restriction on its evaluation. Prolonged restricted
diets are prevalent in IBD and associated with malnutrition (139, 140). The question
regarding to GI symptoms is similar to the abPG-SGA but is not limited to symptoms that
affect intake. The SaskIBD-NR tool has the same potential limitation as abPG-SGA
mentioned above regarding the use of percentage of the weight loss instead of current

weight/BMI in order to capture patients with a very low BMI at baseline.

Two other screening tools employed in the study, MUST and CNST, were associated with
suboptimal sensitivity for screening patients for risk of malnutrition. This finding may be
explained by the nature of population we were screening - outpatient clinical setting in

which the majority of patients were in remission or had mild disease activity. The MUST
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and CNST screens have been shown a better predictive value in inpatients where magnitude
of symptoms and weight change much larger (81, 86, 102, 131). Thus, in our study were

not as sensitive.

5.2 Inter-rater reliability between Self-Screens and HCP-led Screens

In regard to our secondary objective, the present study showed that IBD outpatients were
able to self-screen by using abPG-SGA, SaskIBD-NR, MUST and CNT, with minimal
instruction from the HCP. All self-screens (abPG-SGA, MUST, SaskIBD-NR and CNST)
used in the present study had a moderate inter-rater agreement (x = 0.6, 0.59, 0.51, and
0.49, respectively) with HCP-led screening. The presence of a good to moderate rate of
agreement demonstrates that both patients and HCPs without specific nutrition knowledge
were able to correctly interpret the questions in the same way as each other, probably
reflecting that the questions were user-friendly, clear and interpretable by non-healthcare

professionals.

Among the employed self-screening tools in the current study, only MUST has been
previously studied in IBD population (18, 19, 99). Compared to previous studies, our result
is similar to that found in British study (19) reporting a moderate level of agreement (x =
0.486) between patient-led and HCP-led MUST in IBD outpatients. However, our results
showed a lower level of agreement than the excellent agreement (kx = 0.83) previously
reported by Sandhu et al (18) in outpatients with IBD. Both abovementioned studies were
conducted in same clinical settings (academic IBD outpatient clinics) as the present study
with similar study design; however, we acknowledge that our patient-led self-screening
processes were different than the published study by Sandhu et al. In our cohort more than
40% of patients used estimated weight in their self-evaluation. This highly depends on
memory and might not represent their accurate and actual weight in the day of assessment.
In the Sandhu study patients were provided with electronic weight scale in their clinic room
so they completed the MUST using actual measured weight. In Keetarut study, authors did

not mention if providing a weight scale for the patient-led screening process.
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SaskIBD-NR tool is a newly developed screening tool for IBD outpatients. There is only
one study which utilized this tool and reported a significant agreement (k = 0.83) between
the screening tool and registered dietitian/gastroenterologist assessment (99). We found a
moderate agreement between this tool and HCP-administered screening. The minor
discrepancies may be because in our study, 8 out of 26 (31%) of patients who scored
themselves for the first question of SaskIBD-NR tool (Have you experienced nausea,
vomiting, diarrhea or poor appetite for greater than two weeks?), did not score positive for
this during either HCP screening or dietitian assessment. One possible reason could be that
these patients had been experiencing some of these symptoms but for shorter than two

weeks, as came out during the dietitian assessment.

Although there is a lack of evidence on examining the inter-rater agreement between two
raters (patient, HCP or dietitian) using abPG-SGA and CNST in the IBD population,
studies in other populations reported a good inter-rater agreement using these tools. In an
Australian study in 189 adult hospitalized patients, sixteen dietitians showed good inter-
rater reliability using PG-SGA (intraclass correlation coefficient = 0.901; p <0.001) (141).
The study that first defined and used CNST in hospitalized patients reported an excellent
agreement (k = 0.78) between CNST administered by untrained nursing personnel and diet

technician (81).

Taken together, the self-screens showed a moderate agreement with the HCP-led screens
with better predictive value through HCP screening when comparing with dietitian
assessment. This could be due to an error in self-reported weight and height through self-
screening, while the HCP measured patient’s actual weight and height and used in their
evaluations. We recommend the clinic staff or the patient measure the patient’s height and

weight in clinic and utilize those readings for the screen.
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5.3 Prevalence of Malnutrition in IBD

There is unfortunately no standardized definition of malnutrition, not only in IBD but also
in broader literature. This is evident from the varied range of definitions and methods
available in the literature (33, 78, 108). One of the secondary assessment tools used to
define malnutrition in our study population was BMI. The prevalence of malnutrition based
on BMI cut-off of < 18.5 kg/m? was low at only 3%. This finding is almost the same as
previous reports using BMI to define the prevalence of malnutrition in IBD patients in
remission (114, 115, 142). Although BMI is a simple tool used as an indicator of chronic
protein-energy status (143), a BMI based definition of malnutrition has limitations, even
in broader population of non-IBD patients (144, 145). BMI cannot accurately assess the
muscle mass/function which is the most objective evaluation of malnutrition assessment
(112, 146). Also, unless it is very low, BMI alone is not sufficient to determine the
malnutrition because even with a “normal” or “overweight/obese” BMI, muscle mass can
be abnormal (147). In our study, 41 (20.8%) and 58 (29.4%) out of 197 patients with BMI
> 18.5 kg/m? were classified as having abnormal low muscle mass (MAMC) and low grip
strength (HGS), respectively. We also found that 84% of patients with normal or
overweight/obese BMI were malnourished through dietitian assessment (SGA), which is
consistent with Aydin et al (144) who showed that a patient can be malnourished even
when the BMI is in normal range and that the SGA can identify malnutrition before the
BMI drops below 20 kg/m?. For this reason (unless it is very low), it is advisable not to use

the BMI alone to evaluate a patient’s nutritional status.

We know the prevalence of obesity is increasing in society (148). Obesity is also becoming
increasingly prevalent amongst patients with IBD (149). A systematic review on body
composition in patients with IBD reported that many IBD patients had disturbances in fat
mass and lean mass compared to healthy matched population, despite only 5% being
underweight by BMI criteria (150). In a study in IBD patients, malnutrition was mainly
associated with loss of body mass cell without any impact on BMI but accompanied by
further muscle mass depletion (151). Multiple studies in adult and children with IBD have

reported that BMI does not correlate well with lean mass, even in remission (115, 152,
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153). Thus, as discussed above, using BMI alone can mask underlying muscle
abnormalities and patients with normal and overweight/obese BMI may be incorrectly
classified as being well nourished, and not referred to a dietitian for further malnutrition

assessment and intervention (154).

The SGA is a simple method used to detect malnourished patients that utilizes subjective
parameters in its evaluation, correlates well with nutritional intake, percentage of weight
loss and severity of the underlying medical and surgical conditions, and predicts hospital
related complication and prolonged LOS (96, 155). SGA was considered our primary
malnutrition assessment measure. In our study population, 18% of IBD patients were
classified malnourished according to SGA grade B or C. This result is similar to previous
work by Bin et al. (115) who performed SGA assessment in CD patients in clinical
remission. A recent Spanish study in an IBD outpatient setting found a malnutrition
prevalence rate of 7% based on SGA (114) which was lower than the value obtained from
our results. On the other hand, a study conducted in hospitalized patients reported that
37.5% of CD patients were severely malnourished according to SGA (94). This
discrepancy can be due to differences in the clinical setting and underling patient factors
including severity of disease and comorbidities. Multiple studies reported a high
correlation between the SGA and other measures of nutritional status assessments that are
felt to be more objective such as anthropometric parameters (BMI and weight loss), serum
albumin and total protein (155-157) and an adequate intra- and inter-observer reliabilities
in identifying those patients who were subsequently found to be malnourished by the SGA
(158-160). The subjective nature of the SGA may be a disadvantage. Objective assessment
methods even done at baseline or that consider changes in body composition and muscle
function may give a better understanding of the patient’s nutritional status, used alongside
SGA evaluation (161, 162). However, a recent study showed a significant correlation
between SGA and SMI in IBD patients (95). Further analysis is required to see if the
addition of muscle mass/function measures are superior to or may improve the ability of

the SGA to predict clinical outcomes.
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In the literature, MAMC has been suggested as a reliable indicator of nutritional status and
an important measure of skeletal muscle mass due to its good correlation with creatinine-
height index, and grip strength and its predictive ability for postoperative complications
(RW.ERROR - Unable to find reference:1079). In the present study, 22% of IBD patients
were classified as malnourished based on MAMC below the 10" percentile. This finding
was lower than the prevalence of malnutrition in previous studies of 29% of CD patients
in clinical remission (115) and in another study, 42.5% of CD and 22.1% of UC outpatients
(128). This contrast may be attributable to the mean value of TFS (19 £ 4.7 cm) and MAC
(32 £4.5 cm) - two components of MAMC calculation - reported in our study which were
higher than those values found in the previous studies (115). Anthropometric
measurements such as TSF, MAC and MAMC also have their limitations for the
assessment of body composition given their reliance on operators to carry these out (161,

164).

The HGS is a validated, non-invasive and practical clinical method for the measurement of
muscle function (113, 163, 165). Consistent with a study of Crohn’s patients in clinical
remission reporting HGS as a more sensitive tool than other methods for detecting clinical
nutrition outcomes (115), our study also found that the patients were more likely to be
labeled as malnourished (31%) when assessed by the HGS below 5™ percentile (115). Why
the increased prevalence as compared to the other assessment tools? Several studies have
identified muscle performance measures as more sensitive for the detection of muscle
abnormalities than muscle mass assessment (112, 113, 166). Within the clinical chain of
malnutrition, muscle function is affected earlier than muscle mass. Lopes et al (167)
reported specific abnormalities in skeletal muscle function including an increased muscle
fatigability and an altered pattern of muscle contraction and relaxation in patients with
malnutrition, greater than the loss of muscle mass over the course of study. Moreover, a
short-term starvation in obese, healthy women showed a significant lower HGS, slowing
of the maximal relaxation rate and decrease muscle force, while no measurable changes
observed in anthropometric indices including estimated body fat mass and creatinine-
height index which is generally associated to the muscle mass (168). There are limitations

to the handgrip strength including limited consensus on protocols for measurement such as
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posture, allowance for hand size and dominance, joint position, frequency of testing and
time of day, and training of the assessor. Moreover, inconsistencies in the use of maximum
or mean value of handgrip strength as a summary measure limit comparison of results
between studies (RW.ERROR - Unable to find reference:1080). Taken together, muscle
strength measures being more sensitive than muscle mass measures through early reflection
of nutrition deprivation, before changes in body composition parameters can be detected

(169, 170).

In the present study, a higher but not statistically significant difference in the prevalence
of malnutrition was observed between patients with UC and CD. Previous studies on
prevalence of malnutrition in IBD population reported discordant results; some studies in
outpatient settings have shown that malnutrition was more common in CD patients than
UC (13, 128, 142); whereas other indicated a similar prevalence of malnutrition in patients
with UC and CD (11, 151). One possible reason for this discrepancy can be attributed to
each study using different definitions and assessment methods to define malnutrition in
their populations. Generally, we expect a higher rate of malnutrition in CD patients on the
whole, assuming that the small bowel involvement with impaired absorptive function and
intestinal loss of nutrients will have a greater impact on patient’s nutritional status (54, 171,
172). We believe that the non-significant higher prevalence of malnutrition in UC patient
than CD found in our study was most likely due to the CD population being younger and
consuming more supplements, with fewer comorbidities than UC patients, results similar
to those shown by Neguyen et al (11) reporting that their UC population was older and

with more comorbidities.

Taken together, it has been shown that muscle function is a sensitive indicator of nutritional
status in patients, as functional changes occurs before abnormalities in body composition
and anthropometric indices of malnutrition are observed. In outpatients with IBD mainly
in remission or with mild disease, the BMI showed the lowest number of malnourished
patients (3%), and HGS the highest number of patients with compromised nutritional status

(31%). Give the subjective nature of SGA, in future work we will evaluate whether the
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addition of an objective, sensitive and easy-to-use tool such as HGS improves the

prediction of clinical outcomes in IBD.

When malnutrition is diagnosed, the first recommendation is to optimize oral nutrition
supplementation. In the lack of sufficient oral feeding, enteral and parenteral nutrition
should be considered as supportive therapies. To choose an optimal route of nutrition
support in IBD patients, several factors should be evaluated including the patient’s ability
to eat liquid and solid food, patient’s nutritional status, the absorptive capacity of GI tract
and the main therapeutic goals for nutrition support including supportive care, management
of malnutrition and indication or maintenance of remission (78). According to the ESPEN
guideline, in IBD outpatients - the majority of patients in remission or with mild disease
activity do not require a specific diet. There is some evidence to support a Mediterranean-
style diet rich in vegetable fibre and fruit (provided there are no known strictures) (20). For
those IBD patients with sarcopenia or features of sarcopenia (diminished muscle mass,
strength and /or performance), the guideline recommends prescribing adequate protein

intake, in addition to exercise (20, 173).

5.4 Predictors of Malnutrition in IBD

In present study, we found that the low HGS and decreased MAMC in our study population
was associated with male sex and severe weight loss in the past six months. Several
previous studies in IBD patients found that male sex has been associated with reduced
muscle strength and disturbed body composition (174-176). In one study of IBD patients
within 6 months of diagnosis, Geerling et al (174) found a deterioration of body
composition largely in male patients with UC compared with healthy controls. This data
was in line with the previous work in which low body fat and muscle strength measured
by both DXA and anthropometry was found in male patients with long-standing CD in
remission (176). In another cross-sectional study in 137 patients with IBD recruiting from
both inpatient and outpatient settings, male patient showed altered body composition
profile and were more sarcopenic compared to female patients (18% vs. 5%) (177). One

plausible mechanisms for a higher prevalence of low muscle mass and strength can be
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explained by the higher rate of comorbidities in male patients compared to female. Previous
studies showed that a presence of an underlying medical illness such as diabetes, stroke,
hypertension, dyslipidemia and heart disease was associated with decreased muscle mass
and strength (178, 179). In the present study, we found that the male patients with IBD had
more hypertension (20.8% vs. 8.7%), dyslipidemia (8.9% vs. 6.8%), and diabetes (3% vs.
1%) compared to female patients. Other possible explanations for the sex differences in
muscle mass and function may be sex-related biological differences including hormonal
effects, immune system responses, genetic factors, physical function and muscle capacity
(173, 180-182). However, the main mechanism of this sex differences in muscle mass and

strength has not been fully understood.

We also showed that the prevalence of malnutrition assessed by the SGA was associated
with female sex and severity of disease independently of age, BMI, history of
hospitalization and abdominal surgery. Interestingly, the SGA assessment showed a
completely contrary result with the abovementioned results. Indeed, males were at lower
risk of being classified malnourished by the SGA. Similarly, Valentini et al (151)
demonstrated that female patients with UC seemed to be more malnourished according to
SGA, BMI and plasma albumin value. The possible reason for this disagreement might be
due to the subjective nature of the SGA which limits the assessment to the questions
provided in this tool. As well, it is possible that muscle mass and muscle function may have
greater sensitivity value in male patients. This requires further evaluation. Our result
showed that the female patients had more moderate/severe disease activity (16% vs. 8%; p
value = 0.048) and presented higher GI symptoms affecting food intake (diarrhea: 26% vs.
16%, p value = 0.048; nausea: 20.4% vs. 6.9%, p value = 0.004; anorexia: 25.2% vs. 15.9,
p value = 0.04) compared to their male counterparts. Moreover, the female patients
reported significantly lower food intake (35% vs. 15.8%; p value = 0.001) and decrease
appetite (28.2% vs. 10.9%; p value = 0.002) compared to the male IBD patients. Therefore,
the female patients were scored for change in food intake, change in appetite, and
gastrointestinal symptoms in the SGA through dietitian assessment. However, further
research should be performed to contribute to a better understanding of malnutrition

assessment in IBD population.
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5.5 Future Directions

In the current study we also collected data on cross-sectional imaging with CT in this
patient population as a potential gold standard for nutritional assessment. Future studies
will compare the screening tools to that as well as to clinical outcomes such as
hospitalization, need for surgery and survival rate. Longitudinal studies with more patients
in both inpatient and outpatient settings are needed to study the validity of nutritional self-
screens in patients, so that the real significance of these results are confirmed. In addition,
given the compromised body composition and nutritional status of IBD patients, high
quality interventional studies with assessment of sarcopenia and malnutrition on other
clinical outcomes are required. Although further work is required, given the impact of
malnutrition on this population, nutrition education should be adopted and encouraged with
the goal of preventing or modifying nutritional deficiencies and improving clinical

outcomes.

5.6 Strength and Limitation

The strength of this study include the use of multiple nutrition screening and assessment
methods to identify malnutrition by examining different aspects of patient’s nutritional

status.

The present study also had some limitations that should be acknowledged. One of these
limitations was that the results may not be applicable to the entire group of IBD outpatients
because we were unable to assess whether the nutritional status of those patients who
participated in the study was different from that of those who did not, which introduces
sample bias. In the current study, 140 out of 344 IBD outpatients did not meet the inclusion
criteria, declined to participate or did not complete the study survey demonstrated selection
bias. In addition, the study population was limited to two quaternary care centers with
focused IBD outpatient clinics which does not cover the vast majority of GI practices
across Alberta. It remains to be seen whether these tools will have similar test

characteristics in a more expanded population of patients. This will require further
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evaluation. The other limitation was that we were not able to record the time and patient
preferences to complete self-screens in our study, which may play an important role in

choosing an appropriate screening tool in busy outpatient settings.

5.7 CONCLUSION

Given the increasing prevalence of malnutrition in IBD patients, self-screening could help
prevent malnutrition and its consequences by detecting patients who are malnourished or
at risk of malnutrition and in need of intervention. Indeed, considering that IBD predisposes
patients to malnutrition through multiple mechanisms, outpatient clinics propose an
important opportunity to bridge the gap between achievable and potential benefits of
malnutrition screening in this population. In the present study the abPG-SGA and
SaskIBD-NR are promising nutrition screening tools in patients with IBD. They are
accurate and valid and can be completed by patients in the waiting room. With the high
sensitivity and high negative predictive value for malnutrition detection, the majority of
patients who screened at risk of malnutrition would be appropriately referred for further
assessment. Future validation and implementation studies will allow us to integrate these

tools into routine IBD nutrition screening.

51



REFERENCES

1. Abraham C, Cho JH. Inflammatory Bowel Disease. 2009;19; 361(21):2066-78.

2. Walsh A, Mabee J, Trivedi K. Inflammatory Bowel Disease. Primary Care: Clinics in
Office Practice 2011;38:415-32.

3. Ng SC, Shi HY, Hamidi N, Underwood FE, Tang W, Benchimol EI, Panaccione R,
Ghosh S, Wu JC, Chan FK. Worldwide incidence and prevalence of inflammatory bowel

disease in the 21st century: a systematic review of population-based studies. The Lancet

2017;390:2769-78.

4. Burisch J, Jess T, Martinato M, Lakatos PL, ECCO -EpiCom. The burden of
inflammatory bowel disease in Europe. J Crohns Colitis 2013;7:322-37.

5. Coward S, Clement F, Williamson T, Molodecky N, Hazlewood G, McBrien K, Ng S,
Heitman S, Seow C, Panaccione R. The rising burden of inflammatory bowel disease in

North America from 2015 to 2025: a predictive model. Am J Gastroenterol 2015;110:

6. Sairenji T, Collins KL, Evans DV. An Update on Inflammatory Bowel Disease. Primary
Care: Clinics in Office Practice 2017;

7. Vadan R, Gheorghe LS, Constantinescu A, Gheorghe C. The prevalence of malnutrition
and the evolution of nutritional status in patients with moderate to severe forms of Crohn's

disease treated with Infliximab. Clin Nutr 2011;30:86-91.

8. Benjamin J, Makharia GK, Kalaivani M, Joshi YK. Nutritional status of patients with
Crohn's disease. Indian J Gastroenterol 2008;27:195-200.

9. Lomer MC. Dietary and nutritional considerations for inflammatory bowel disease. Proc

Nutr Soc 2011;70:329-35.

52



10. Nguyen DL, Limketkai B, Medici V, Mendoza MS, Palmer L, Bechtold M. Nutritional
strategies in the management of adult patients with inflammatory bowel disease: Dietary

considerations from active disease to disease remission. Curr Gastroenterol Rep

2016;18:55.

11. Nguyen GC, Munsell M, Harris ML. Nationwide prevalence and prognostic
significance of clinically diagnosable protein-calorie malnutrition in hospitalized

inflammatory bowel disease patients. Inflamm Bowel Dis 2008;14:1105-11.

12. Valentini L, Schulzke JD. Mundane, yet challenging: the assessment of malnutrition in

inflammatory bowel disease. Eur J Intern Med 2011;22:13-5.

13. Mijac DD, Jankovic GL, Jorga J, Krstic MN. Nutritional status in patients with active
inflammatory bowel disease: prevalence of malnutrition and methods for routine

nutritional assessment. Eur J Intern Med 2010;21:315-9.

14. Di Bella A, Blake C, Young A, Pelecanos A, Brown T. Reliability of Patient-Led
Screening with the Malnutrition Screening Tool: Agreement between Patient and Health

Care Professional Scores in the Cancer Care Ambulatory Setting. J Acad Nutr Diet 2018;

15. Cawood AL, Elia M, Sharp SK, Stratton RJ. Malnutrition self-screening by using
MUST in hospital outpatients: validity, reliability, and ease of use—. Am J Clin Nutr
2012;96:1000-7.

16. McGurk P, Jackson JM, Elia M. Rapid and reliable self-screening for nutritional risk

in hospital outpatients using an electronic system. Nutrition 2013;29:693-6.

17. Gabrielson DK, Scaffidi D, Leung E, Stoyanoff L, Robinson J, Nisenbaum R, Brezden-
Masley C, Darling PB. Use of an abridged scored Patient-Generated Subjective Global
Assessment (abPG-SGA) as a nutritional screening tool for cancer patients in an outpatient

setting. Nutr Cancer 2013;65:234-9.

18. Sandhu A, Mosli M, Yan B, Wu T, Gregor J, Chande N, Ponich T, Beaton M, Rahman

A. Self-screening for malnutrition risk in outpatient inflammatory bowel disease patients

53



using the Malnutrition Universal Screening Tool (MUST). J Parenter Enteral Nutr
2016;40:507-10.

19. Keetarut K, Zacharopoulou-Otapasidou S, Bloom S, Majumdar A, Patel P. An
evaluation of the feasibility and validity of a patient-administered malnutrition universal
screening tool (‘MUST’) compared to healthcare professional screening in an
inflammatory bowel disease (IBD) outpatient clinic. Journal of Human Nutrition and

Dietetics 2017;30:737-45.

20. Forbes A, Escher J, Hebuterne X, Klek S, Krznaric Z, Schneider S, Shamir R,
Stardelova K, Wierdsma N, Wiskin AE, et al. ESPEN guideline: Clinical nutrition in
inflammatory bowel disease. Clin Nutr 2017;36:321-47.

21. Chin AM, Hill DR, Aurora M, Spence JR. Morphogenesis and maturation of the
embryonic and postnatal intestine. Seminars in Cell & Developmental Biology

2017;66:81-93.

22. Torres J, Mehandru S, Colombel J, Peyrin-Biroulet L. Crohn's disease. The Lancet
2017;389:1741-55.

23. Ungaro R, Mehandru S, Allen PB, Peyrin-Biroulet L, Colombel J. Ulcerative colitis.
The Lancet 389:1756-70.

24. Kaplan GG, Ng SC. Understanding and Preventing the Global Increase of
Inflammatory Bowel Disease. Gastroenterology 2017;152:313,321.¢2.

25. Ng SC, Tang W, Ching JY, Wong M, Chow CM, Hui A, Wong T, Leung VK, Tsang
SW, Yu HH. Incidence and phenotype of inflammatory bowel disease based on results
from the Asia-pacific Crohn's and colitis epidemiology study. Gastroenterology

2013;145:158,165. 2.

26. Molodecky NA, Soon IS, Rabi DM, Ghali WA, Ferris M, Chernoff G, Benchimol EI,

Panaccione R, Ghosh S, Barkema HW, et al. Increasing incidence and prevalence of the

54



inflammatory bowel diseases with time, based on systematic review. Gastroenterology

2012;142:46,54.e42; quiz €30.

27. Kaplan GG. The global burden of IBD: from 2015 to 2025. Nature Reviews
Gastroenterology and Hepatology 2015;12:720.

28. Loftus EV. Clinical epidemiology of inflammatory bowel disease: incidence,

prevalence, and environmental influences. Gastroenterology 2004;126:1504-17.

29. Hanauer SB. Inflammatory bowel disease: epidemiology, pathogenesis, and therapeutic

opportunities. Inflamm Bowel Dis 2006;12:S3-9.

30. Himmel ME, Hardenberg G, Piccirillo CA, Steiner TS, Levings MK. The role of T-
regulatory cells and Toll-like receptors in the pathogenesis of human inflammatory bowel

disease. Immunology 2008;125:145-53.

31. Palomino-Morales R, Oliver J, Gomez-Garcia M, Lopez-Nevot M, Rodrigo L, Nieto
A, Alizadeh B, Martin J. Association of ATG16L1 and IRGM genes polymorphisms with

inflammatory bowel disease: a meta-analysis approach. Genes Immun 2009;10:356.

32. Danese S, Semeraro S, Papa A, Roberto I, Scaldaferri F, Fedeli G, Gasbarrini G,
Gasbarrini A. Extraintestinal manifestations in inflammatory bowel disease. World J

Gastroenterol 2005;11:7227-36.

33. Cederholm T, Bosaeus I, Barazzoni R, Bauer J, Van Gossum A, Klek S, Muscaritoli
M, Nyulasi I, Ockenga J, Schneider SM, et al. Diagnostic criteria for malnutrition - An
ESPEN Consensus Statement. Clin Nutr 2015;34:335-40.

34. Husain A, Korzenik JR. Nutritional issues and therapy in inflammatory bowel disease.

Semin Gastrointest Dis 1998;9:21-30.

35. Scaldaferri F, Pizzoferrato M, Lopetuso L, Musca T, Ingravalle F, Sicignano L,
Mentella M, Miggiano G, Mele M, Gaetani E. Nutrition and IBD: malnutrition and/or

Sarcopenia? A practical guide. Gastroenterology research and practice 2017;2017:

55



36. Goh J, O'morain C. Nutrition and adult inflammatory bowel disease. Aliment

Pharmacol Ther 2003;17:307-20.

37. Han PD, Burke A, Baldassano RN, Rombeau JL, Lichtenstein GR. Nutrition and
inflammatory bowel disease. Gastroenterol Clin North Am 1999;28:423,43, ix.

38. Rigaud D, Angel LA, Cerf M, Carduner MJ, Melchior JC, Sautier C, Rene E,
Apfelbaum M, Mignon M. Mechanisms of decreased food intake during weight loss in

adult Crohn's disease patients without obvious malabsorption. Am J Clin Nutr

1994;60:775-81.

39. Eiden KA. Nutritional considerations in inflammatory bowel disease. Practical

Gastroenterology 2003;27:33-54.

40. Zallot C, Quilliot D, Chevaux J, Peyrin-Biroulet C, Guéant-Rodriguez RM, Freling E,
Collet-Fenetrier B, Williet N, Ziegler O, Bigard M. Dietary beliefs and behavior among

inflammatory bowel disease patients. Inflamm Bowel Dis 2012;

41. Lucendo AJ, De Rezende LC. Importance of nutrition in inflammatory bowel disease.

World J Gastroenterol 2009;15:2081-8.

42. Ghishan FK, Kiela PR. Epithelial transport in inflammatory bowel diseases. Inflamm
Bowel Dis 2014;20:1099-1009.

43. Stokes MA, Hill GL. Total energy expenditure in patients with Crohn's disease:

measurement by the combined body scan technique. J Parenter Enteral Nutr 1993;17:3-7.

44. Schneeweiss B, Lochs H, Zauner C, Fischer M, Wyatt J, Maier-Dobersberger T,
Schneider B. Energy and substrate metabolism in patients with active Crohn's disease. J

Nutr 1999;129:844-8.

45. Azcue M, Rashid M, Griffiths A, Pencharz PB. Energy expenditure and body
composition in children with Crohn's disease: effect of enteral nutrition and treatment with

prednisolone. Gut 1997;41:203-8.

56



46. Klein S, Meyers S, O'Sullivan P, Barton D, Leleiko N, Janowitz HD. The metabolic
impact of active ulcerative colitis. Energy expenditure and nitrogen balance. J Clin

Gastroenterol 1988;10:34-40.

47. Kushner RF, Schoeller DA. Resting and total energy expenditure in patients with
inflammatory bowel disease. Am J Clin Nutr 1991;53:161-5.

48. Chan AT, Fleming CR, O'Fallon WM, Huizenga KA. Estimated versus measured basal

energy requirements in patients with Crohn's disease. Gastroenterology 1986;91:75-8.

49. Inoue M, Sasaki M, Takaoka A, Kurithara M, Iwakawa H, Bamba S, Ban H, Andoh A.
Changes in energy metabolism after induction therapy in patients with severe or moderate

ulcerative colitis. Journal of clinical biochemistry and nutrition 2015;56:215-9.

50. Sasaki M, Johtatsu T, Kurihara M, Iwakawa H, Tanaka T, Bamba S, Tsujikawa T,
Fujiyama Y, Andoh A. Energy expenditure in Japanese patients with severe or moderate

ulcerative colitis. Journal of clinical biochemistry and nutrition 2010;47:32-6.

51. Weisshof R, Chermesh 1. Micronutrient deficiencies in inflammatory bowel disease.

Curr Opin Clin Nutr Metab Care 2015;18:576-81.

52. Ali T, Lam D, Bronze MS, Humphrey MB. Osteoporosis in inflammatory bowel
disease. Am J Med 2009;122:599-604.

53. Hwang C, Ross V, Mahadevan U. Micronutrient deficiencies in inflammatory bowel

disease: from A to zinc. Inflamm Bowel Dis 2012;18:1961-81.

54. Filipsson S, Hultén L, Lindstedt G. Malabsorption of fat and vitamin B12 before and

after intestinal resection for Crohn's disease. Scand J Gastroenterol 1978;13:529-36.

55. Papazian A, Minaire Y, Descos L, Andre C, Melange M, Vignal J. Relationships
between the extent of ileal lesion of resection and vitamin B12, bile salt and fat absorption.

Hepatogastroenterology 1981;28:106-9.

57



56.J. Geerling, RW Stockbriigger, R.-JM Brummer, B. Nutrition and inflammatory bowel
disease: an update. Scand J Gastroenterol 1999;34:95-105.

57. Hatch QM, Ratnaparkhi R, Althans A, Keating M, Neupane R, Nishtala M, Johnson
EK, Steele SR. Is modern medical management changing ultimate patient outcomes in

inflammatory bowel disease? Journal of Gastrointestinal Surgery 2016;20:1867-73.

58. Guerra R, Sousa A, Fonseca I, Pichel F, Restivo M, Ferreira S, Amaral T. Comparative
analysis of undernutrition screening and diagnostic tools as predictors of hospitalisation

costs. Journal of Human Nutrition and Dietetics 2016;29:165-73.

59. Ananthakrishnan AN, McGinley EL, Binion DG, Saeian K. A novel risk score to
stratify severity of Crohn's disease hospitalizations. Am J Gastroenterol 2010;105:1799.

60. Alves A, Panis Y, Bouhnik Y, Pocard M, Vicaut E, Valleur P. Risk factors for intra-
abdominal septic complications after a first ileocecal resection for Crohn’s disease: a
multivariate analysis in 161 consecutive patients. Diseases of the colon & rectum

2007;50:331-6.

61. Grass F, Pache B, Martin D, Hahnloser D, Demartines N, Hiibner M. Preoperative
nutritional conditioning of Crohn’s patients—Systematic review of current evidence and

practice. Nutrients 2017;9:562.

62. Bot J, Piessen G, Robb WB, Roger V, Mariette C. Advanced tumor stage is an
independent risk factor of postoperative infectious complications after colorectal surgery:

arguments from a case-matched series. Dis Colon Rectum 2013;56:568-76.

63. Crombe T, Bot J, Messager M, Roger V, Mariette C, Piessen G. Malignancy is a risk
factor for postoperative infectious complications after elective colorectal resection. Int J

Colorectal Dis 2016;31:885-94.

64. Lim SL, Ong KC, Chan YH, Loke WC, Ferguson M, Daniels L. Malnutrition and its
impact on cost of hospitalization, length of stay, readmission and 3-year mortality. Clin

Nutr 2012;31:345-50.

58



65. Correia M1, Waitzberg DL. The impact of malnutrition on morbidity, mortality, length
of hospital stay and costs evaluated through a multivariate model analysis. Clin Nutr

2003;22:235-9.

66. Alberino F, Gatta A, Amodio P, Merkel C, Di Pascoli L, Boffo G, Caregaro L. Nutrition

and survival in patients with liver cirrhosis. Nutrition 2001;17:445-50.

67. Aviles A, Yanez J, Lopez T, Garcia EL, Guzman R, Diaz-Maqueo JC. Malnutrition as
an adverse prognostic factor in patients with diffuse large cell lymphoma. Arch Med Res

1995;26:31-4.

68. Soler-Catalufia JJ, Sanchez-Sanchez L, Martinez-Garcia MA, Sanchez PR, Salcedo E,
Navarro M. Mid-arm muscle area is a better predictor of mortality than body mass index

in COPD. Chest 2005;128:2108-15.

69. Nguyen G, Laveist T, Brant S. The utilization of parenteral nutrition during the in-
patient management of inflammatory bowel disease in the United States: a national survey.

Aliment Pharmacol Ther 2007;26:1499-507.

70. World Health Organization, World Health Organization. Screening and Early

Detection of Cancer. Available at: http://www.who.int/cancer/detection/en/ 2009;

71. Charney P. Nutrition screening vs nutrition assessment: how do they differ? Nutrition

in Clinical Practice 2008;23:366-72.

72. Petricoin III EF, Ardekani AM, Hitt BA, Levine PJ, Fusaro VA, Steinberg SM, Mills
GB, Simone C, Fishman DA, Kohn EC. Use of proteomic patterns in serum to identify
ovarian cancer. The lancet 2002;359:572-7.

73. Therrell BL, Padilla CD, Loeber JG, Kneisser I, Saadallah A, Borrajo GJ, Adams J.

Current status of newborn screening worldwide: 2015. Semin Perinatol 2015;39:171-87.

59


http://www.who.int/cancer/detection/en/

74. O’Sullivan JW, Albasri A, Nicholson BD, Perera R, Aronson JK, Roberts N, Heneghan
C. Overtesting and undertesting in primary care: a systematic review and meta-analysis.

BMJ open 2018;8:¢018557.

75. Hasselblad V, Hedges LV. Meta-analysis of screening and diagnostic tests. Psychol
Bull 1995;117:167.

76. American Society for Parenteral and Enteral Nutrition Board of Directors and
Standards Committee:, Teitelbaum D, Guenter P, Howell WH, Kochevar ME, Roth J,
Seidner DL. Definition of terms, style, and conventions used in ASPEN guidelines and

standards. Nutrition in Clinical Practice 2005;20:281-5.

77. Lochs H, Allison SP, Meier R, Pirlich M, Kondrup J, Schneider S, van den Berghe G,
Pichard C. Introductory to the ESPEN Guidelines on Enteral Nutrition: Terminology,
definitions and general topics. Clin Nutr 2006;25:180-6.

78. Klein S, Kinney J, Jeejeebhoy K, Alpers D, Hellerstein M, Murray M, Twomey P.
Nutrition support in clinical practice: review of published data and recommendations for

future research directions. J Parenter Enteral Nutr 1997;21:133-56.

79. Kondrup J, Allison SP, Elia M, Vellas B, Plauth M, Educational and Clinical Practice
Committee, European Society of Parenteral and Enteral Nutrition (ESPEN). ESPEN
guidelines for nutrition screening 2002. Clin Nutr 2003;22:415-21.

80. Skipper A, Ferguson M, Thompson K, Castellanos VH, Porcari J. Nutrition screening
tools. J Parenter Enteral Nutr 2012;36:292-8.

81. Laporte M, Keller H, Payette H, Allard J, Duerksen D, Bernier P, Jeejeebhoy K,
Gramlich L, Davidson B, Vesnaver E. Validity and reliability of the new Canadian
Nutrition Screening tool in the ‘real-world hospital setting. Eur J Clin Nutr 2015;69:558.

82. Leipold CE, Bertino SB, L'huillier HM, Howell PM, Rosenkotter M. Validation of the
malnutrition screening tool for use in a community rehabilitation program. Nutrition &

Dietetics 2018;75:117-22.

60



83. Kondrup J, Johansen N, Plum LM, Bak L, Larsen IH, Martinsen A, Andersen JR,
Baernthsen H, Bunch E, Lauesen N. Incidence of nutritional risk and causes of inadequate

nutritional care in hospitals. Clin Nutr 2002;21:461-8.

84. Elia M. The'MUST'report. Nutritional screening for adults: a multidisciplinary
responsibility. Development and use of the'Malnutrition Universal Screening
Tool'(MUST) for adults. British Association for Parenteral and Enteral Nutrition
(BAPEN), 2003.

85. Stratton RJ, Hackston A, Longmore D, Dixon R, Price S, Stroud M, King C, Elia M.
Malnutrition in hospital outpatients and inpatients: prevalence, concurrent validity and ease

of use of the ‘malnutrition universal screening tool’(‘MUST’) for adults. Br J Nutr

2004;92:799-808.

86. Poulia KA, Klek S, Doundoulakis I, Bouras E, Karayiannis D, Baschali A, Passakiotou
M, Chourdakis M. The two most popular malnutrition screening tools in the light of the

new ESPEN consensus definition of the diagnostic criteria for malnutrition. Clin Nutr

2017;36:1130-5.

87. Ottery FD. Definition of standardized nutritional assessment and interventional

pathways in oncology. Nutrition 1996;12:S15-9.

88. Vigano AL, di Tomasso J, Kilgour RD, Trutschnigg B, Lucar E, Morais JA, Borod M.
The abridged patient-generated subjective global assessment is a useful tool for early

detection and characterization of cancer cachexia. J Acad Nutr Diet 2014;114:1088-98.

89. Shahvazi S, Onvani S, Heydari M, Mehrzad V, Nadjarzadeh A, Fallahzadeh H.
Assessment of nutritional status using abridged scored patient-generated subjective global

assessment in cancer patient. J Cancer Res Ther 2017;13:514-8.

90. Ferguson M, Capra S, Bauer J, Banks M. Development of a valid and reliable

malnutrition screening tool for adult acute hospital patients. Nutrition 1999;15:458-64.

61



91. Isenring EA, Bauer JD, Banks M, Gaskill D. The Malnutrition Screening Tool is a
useful tool for identifying malnutrition risk in residential aged care. Journal of human

nutrition and dietetics 2009;22:545-50.

92. Wu ML, Courtney MD, Shortridge-Baggett LM, Finlayson K, Isenring EA. Validity of
the malnutrition screening tool for older adults at high risk of hospital readmission. J

Gerontol Nurs 2012;38:38-45.

93. Mowe M, Bosaeus I, Rasmussen HH, Kondrup J, Unosson M, Rothenberg E, Irtun O,
Scandinavian Nutrition Group. Insufficient nutritional knowledge among health care

workers? Clin Nutr 2008;27:196-202.

94. Gheorghe C, Pascu O, lacob R, Vadan R, Iacob S, Goldis A, Tantau M, Dumitru E,
Dobru D, Miutescu E. Nutritional risk screening and prevalence of malnutrition on
admission to gastroenterology departments: a multicentric study. Chirurgia (Bucur )

2013;108:535-41.

95. Bamba S, Sasaki M, Takaoka A, Takahashi K, Imaeda H, Nishida A, Inatomi O,
Sugimoto M, Andoh A. Sarcopenia is a predictive factor for intestinal resection in admitted

patients with Crohn’s disease. PloS one 2017;12:e0180036.

96. Takaoka A, Sasaki M, Nakanishi N, Kurihara M, Ohi A, Bamba S, Andoh A.
Nutritional Screening and Clinical Outcome in Hospitalized Patients with Crohn’s Disease.

Annals of Nutrition and Metabolism 2017;71:266-72.

97. Sumi R, Nakajima K, Iijjima H, Wasa M, Shinzaki S, Nezu R, Inoue Y, Ito T. Influence
of nutritional status on the therapeutic effect of infliximab in patients with Crohn’s disease.

Surg Today 2016;46:922-9.

98. Jansen I, Prager M, Valentini L, Biining C. Inflammation-driven malnutrition: a new

screening tool predicts outcome in Crohn’s disease. Br J Nutr 2016;116:1061-7.

99. Haskey N, Jones JL. Development of a screening tool to detect nutrition risk in patients

with inflammatory bowel disease. 2017;

62



100. Csontos AA, Molnar A, Piri Z, Palfi E, Miheller P. Malnutrition risk questionnaire
combined with body composition measurement in malnutrition screening in inflammatory

bowel disease. Revista Espanola de Enfermedades Digestivas 2017;109:26-32.

101. Rahman A, Williams P, Sandhu A, Mosli M. Malnutrition Universal Screening
Tool (MUST) scores predicts disease activity in patients with Crohn’s disease.

2016;1:1-5.

102. Fiol-Martinez L, Calleja-Fernandez A, de la Maza, Begona Pintor, Vidal-Casariego
A, Villar-Taibo R, Urioste-Fondo A, Cuervo M, Cano-Rodriguez I, Ballesteros-Pomar
MD. Comparison of two nutritional screening tools to detect nutritional risk in hematologic

inpatients. Nutrition 2017;34:97-100.

103. Li J, Wang C, Liu X, Liu Q, Lin H, Liu C, Jin F, Yang Y, Bai O, Tan Y. Severe
malnutrition evaluated by patient-generated subjective global assessment results in poor

outcome among adult patients with acute leukemia: A retrospective cohort study. Medicine

2018;97:€9663.

104. Marshall S, Young A, Bauer J, Isenring E. Malnutrition in geriatric rehabilitation:
prevalence, patient outcomes, and criterion validity of the Scored Patient-Generated
Subjective Global Assessment and the Mini Nutritional Assessment. Journal of the

Academy of Nutrition and Dietetics 2016;116:785-94.

105. Laporte M. The Canadian Nutrition Screening Tool. Adv Skin Wound Care
2017;30:64-5.

106. Alzaid F, Rajendram R, Patel VB, Preedy VR. Nutritional Screening Tools in Critical
Care. In: Anonymous Diet and Nutrition in Critical Care. Springer, 2015:293-311.

107. Fiore P, Merli M, Andreoli A, De Lorenzo A, Masini A, Ciuffa L, Valeriano V, Balotta
MT, Riggio O. A comparison of skinfold anthropometry and dual-energy X-ray
absorptiometry for the evaluation of body fat in cirrhotic patients. Clin Nutr 1999;18:349-
51.

63



108. White JV, Guenter P, Jensen G, Malone A, Schofield M, Academy of Nutrition and
Dietetics Malnutrition Work Group, A.S.P.E.N. Malnutrition Task Force, A.S.P.E.N.
Board of Directors. Consensus statement of the Academy of Nutrition and
Dietetics/American Society for Parenteral and Enteral Nutrition: characteristics

recommended for the identification and documentation of adult malnutrition

(undernutrition). J Acad Nutr Diet 2012;112:730-8.

109. Windsor J, Hill G. Grip strength: a measure of the proportion of protein loss in surgical
patients. Br J Surg 1988;75:880-2.

110. Kenjle K, Limaye S, Ghugre PS, UDIPI SA. Grip strength as an index for assessment
of nutritional status of children aged 6-10 years. J Nutr Sci Vitaminol 2005;51:87-92.

111. Bellace JV, Healy D, Besser MP, Byron T, Hohman L. Validity of the Dexter
Evaluation System's Jamar dynamometer attachment for assessment of hand grip strength

in a normal population. J Hand Ther 2000;13:46-51.

112. Norman K, Stobaus N, Gonzalez MC, Schulzke JD, Pirlich M. Hand grip strength:

outcome predictor and marker of nutritional status. Clin Nutr 2011;30:135-42.

113. Guerra RS, Fonseca I, Pichel F, Restivo MT, Amaral TF. Handgrip strength and
associated factors in hospitalized patients. J Parenter Enteral Nutr 2015;39:322-30.

114. Casanova MJ, Chaparro M, Molina B, Merino O, Batanero R, Duefias-Sadornil C,
Robledo P, Garcia-Albert AM, Gomez-Sanchez MB, Calvet X. Prevalence of malnutrition

and nutritional characteristics of patients with inflammatory bowel disease. Journal of

Crohn's and Colitis 2017;11:1430-9.

115. Bin CM, Flores C, Alvares-da-Silva MR, Francesconi CFM. Comparison between
handgrip strength, subjective global assessment, anthropometry, and biochemical markers

in assessing nutritional status of patients with Crohn’s disease in clinical remission. Dig

Dis Sci 2010;55:137-44.

64



116. Zhang T, Ding C, Xie T, Yang J, Dai X, Lv T, Li Y, Gu L, Wei Y, Gong J, et al.
Skeletal muscle depletion correlates with disease activity in ulcerative colitis and is

reversed after colectomy. Clin Nutr 2017;36:1586-92.

117. Zhang W, Zhu W, Ren J, Zuo L, Wu X, Li J. Skeletal muscle percentage: a protective
factor for postoperative morbidity in Crohn’s disease patients with severe malnutrition.

Journal of Gastrointestinal Surgery 2015;19:715-21.

118. Donini LM, Marrocco W, Marocco C, Lenzi A, SIMPeSV Research Group. Validity
of the self-mini nutritional assessment (Self-MNA) for the evaluation of nutritional risk. A

cross-sectional study conducted in general practice. J Nutr Health Aging 2018;1-9.

119. Birke JA, Rolfsen RJ. Evaluation of a self-administered sensory testing tool to identify
patients at risk of diabetes-related foot problems. Diabetes Care 1998;21:23-5.

120. Smith MA, Smith T, Trebble TM. Nutritional management of adults with
inflammatory bowel disease: practical lessons from the available evidence. Frontline

gastroenterology 2012;3:172-9.

121. Duerksen DR, Keller HH, Vesnaver E, Laporte M, Jeejeebhoy K, Payette H, Gramlich
L, Bernier P, Allard JP. Nurses’ perceptions regarding the prevalence, detection, and causes
of malnutrition in Canadian hospitals: results of a Canadian Malnutrition Task Force

survey. J Parenter Enteral Nutr 2016;40:100-6.

122. dos Santos CA, Rosa, Carla de Oliveira Barbosa, Ribeiro AQ, Ribeiro, Rita de Cassia
Lanes. Patient-Generated Subjective Global Assessment and classic anthropometry:

comparison between the methods in detection of malnutrition among elderly with cancer.

Nutr Hosp 2015;31:384-92.

123. Sokiilmez P, Demirbag AE, Arslan P, Disibeyaz S. Effects of enteral nutritional
support on malnourished patients with inflammatory bowel disease by subjective global

assessment. Turk J Gastroenterol 2014;25:493-507.

65



124. Vieira PM, De-Souza DA, Oliveira L. Nutritional assessment in hepatic cirrhosis;
clinical, anthropometric, biochemical and hematological parameters. Nutr Hosp

2013;28:1615-21.

125. Frisancho AR. Anthropometric standards for the assessment of growth and nutritional

status. University of Michigan Press, 1990.

126. Wong SL. Grip strength reference values for Canadians aged 6 to 79: Canadian Health
Measures Survey, 2007 to 2013. Health reports 2016;27:3.

127. Spruit MA, Sillen MJ, Groenen MT, Wouters EF, Franssen FM. New normative
values for handgrip strength: results from the UK Biobank. Journal of the American

Medical Directors Association 2013;14:775. e€5,775. el 1.

128. BACK IR, MARCON SS, GAINO NM, VULCANO DSB, DORNA MdS, SASSAKI
LY. Body composition in patients with Crohn’s disease and Ulcerative colitis. Arq

Gastroenterol 2017;0-.

129. Bujang MA, Adnan TH. Requirements for minimum sample size for sensitivity and

specificity analysis. Journal of clinical and diagnostic research: JCDR 2016;10:YEOL1.

130. Abbott J, Teleni L, McKavanagh D, Watson J, McCarthy A, Isenring E. Patient-
Generated Subjective Global Assessment Short Form (PG-SGA SF) is a valid screening
tool in chemotherapy outpatients. Supportive Care in Cancer 2016;24:3883-7.

131. Boléo-Tomé C, Monteiro-Grillo I, Camilo M, Ravasco P. Validation of the

malnutrition universal screening tool (MUST) in cancer. Br J Nutr 2012;108:343-8.

132. Landis JR, Koch GG. The measurement of observer agreement for categorical data.

Biometrics 1977;159-74.

133. van Venrooij LM, van Leeuwen PA, Hopmans W, Borgmeijer-Hoelen MM, de Vos
R, De Mol BA. Accuracy of quick and easy undernutrition screening tools—Short

Nutritional Assessment Questionnaire, Malnutrition Universal Screening Tool, and

66



modified Malnutrition Universal Screening Tool—in patients undergoing cardiac surgery.

Journal of the Academy of Nutrition and Dietetics 2011;111:1924-30.

134. PERSSON P, LEJONMARCK C, BERNELL O, HELLERS G, AHLBOM A. Risk
indicators for inflammatory bowel disease. Int J Epidemiol 1993;22:268-72.

135. Packer N, Hoffman-Goetz L, Ward G. Does physical activity affect quality of life,
disease symptoms and immune measures in patients with inflammatory bowel disease? A

systematic review. J Sports Med Phys Fitness 2010;50:1.

136. Bauer J, Capra S, Ferguson M. ORIGINAL COMMUNICATION Use of the scored
Patient-Generated Subjective Global Assessment (PG-SGA) as a nutrition assessment tool

in patients with cancer. Eur J Clin Nutr 2002;56:779-85.

137. Ferguson M. Patient-generated subjective global assessment. Oncology 2003;17:13-
4.

138. Isenring E, Bauer J, Capra S. The scored Patient-generated Subjective Global
Assessment (PG-SGA) and its association with quality of life in ambulatory patients
receiving radiotherapy. Eur J Clin Nutr 2003;57:305.

139. Hébuterne X, Filippi J, Al-Jaouni R, Schneider S. Nutritional consequences and
nutrition therapy in Crohn's disease. Gastroenterol Clin Biol 2009;33:S235-44.

140. Lucendo AJ, De Rezende LC. Importance of nutrition in inflammatory bowel disease.

World J Gastroenterol 2009;15:2081-8.

141. Kellett J, Kyle G, Itsiopoulos C, Naunton M, Luff N. Malnutrition: the importance of
identification, documentation, and coding in the acute care setting. Journal of nutrition and

metabolism 2016;2016:

142. Rocha R, Santana GO, Almeida N, Lyra AC. Analysis of fat and muscle mass in
patients with inflammatory bowel disease during remission and active phase. Br J Nutr

2008;101:676-9.

67



143. Elia M. Guidelines for the detection and management of malnutrition. Malnutrition
Advisory Group, Standing Committee of British Association for Parenteral and Enteral

Nutrition (BAPEN). 2000;

144. Aydin N, Karaoz S. Nutritional assessment of patients before gastrointestinal surgery

and nurses’ approach to this issue. J Clin Nurs 2008;17:608-17.

145. Kyle UG, Unger P, Dupertuis YM, Karsegard VL, Genton L, Pichard C. Body
composition in 995 acutely ill or chronically ill patients at hospital admission: a controlled

population study. J] Am Diet Assoc 2002;102:944-55.

146. Heymsfield SB, McManus C, Stevens V, Smith J. Muscle mass: reliable indicator of

protein-energy malnutrition severity and outcome. Am J Clin Nutr 1982;35:1192-9.

147. Ryu SW, Kim IH. Comparison of different nutritional assessments in detecting

malnutrition among gastric cancer patients. World J Gastroenterol 2010;16:3310-7.

148. Lawrence RG. Framing obesity: The evolution of news discourse on a public health

issue. Harvard International Journal of Press/Politics 2004;9:56-75.

149. Harper JW, Zisman TL. Interaction of obesity and inflammatory bowel disease. World
J Gastroenterol 2016;22:7868-81.

150. Bryant R, Trott M, Bartholomeusz F, Andrews J. Systematic review: body
composition in adults with inflammatory bowel disease. Aliment Pharmacol Ther

2013;38:213-25.

151. Valentini L, Schaper L, Buning C, Hengstermann S, Koernicke T, Tillinger W,
Guglielmi FW, Norman K, Buhner S, Ockenga J, et al. Malnutrition and impaired muscle
strength in patients with Crohn's disease and ulcerative colitis in remission. Nutrition

2008;24:694-702.

68



152. Sylvester FA, Leopold S, Lincoln M, Hyams JS, Griffiths AM, Lerer T. A two-year
longitudinal study of persistent lean tissue deficits in children with Crohn's disease.

Clinical Gastroenterology and Hepatology 2009;7:452-5.

153. Wiskin AE, Wootton SA, Hunt TM, Cornelius VR, Afzal NA, Jackson AA, Beattie
RM. Body composition in childhood inflammatory bowel disease. Clin Nutr 2011;30:112-
5.

154. O'Sullivan M, O'Morain C. Nutrition in inflammatory bowel disease. Best practice &
research Clinical gastroenterology 2006;20:561-73.

155. Baker JP, Detsky AS, Wesson DE, Wolman SL, Stewart S, Whitewell J, Langer B,
Jeejeebhoy KN. Nutritional assessment: a comparison of clinical judgment and objective

measurements. N Engl J Med 1982;306:969-72.

156. Hirsch S, de Obaldia N, Petermann M, Rojo P, Barrientos C, Iturriaga H, Bunout D.
Subjective global assessment of nutritional status: further validation. Nutrition

1991;7:35,7; discussion 37-8.

157. Sungurtekin H, Sungurtekin U, Hanci V, Erdem E. Comparison of two nutrition

assessment techniques in hospitalized patients. Nutrition 2004;20:428-32.

158. Detsky AS, Baker J, Johnston N, Whittaker S, Mendelson R, Jeejeebhoy K. What is

subjective global assessment of nutritional status? J Parenter Enteral Nutr 1987;11:8-13.

159. Visser R, Dekker FW, Boeschoten EW, Stevens P, Krediet RT. Reliability of the 7-
point subjective global assessment scale in assessing nutritional status of dialysis patients.

Advances in Peritoneal Dialysis 1999;15:222-8.

160. Hasse J, Strong S, Gorman MA, Liepa G. Subjective global assessment: alternative

nutrition-assessment technique for liver-transplant candidates. Nutrition 1993;9:339-43.

161. Jeejeebhoy KN. Nutritional assessment. 2001;

69



162. Jeejeebhoy KN. Clinical nutrition: 6. Management of nutritional problems of patients

with Crohn's disease. CMAJ 2002;166:913-8.

163. Guo CB, Zhang W, Ma DQ, Zhang KH, Huang JQ. Hand grip strength: an indicator
of nutritional state and the mix of postoperative complications in patients with oral and

maxillofacial cancers. Br J Oral Maxillofac Surg 1996;34:325-7.

164. Ulijaszek SJ, Kerr DA. Anthropometric measurement error and the assessment of

nutritional status. Br J Nutr 1999;82:165-77.

165. Vaz M, Thangam S, Prabhu A, Shetty P. Maximal voluntary contraction as a

functional indicator of adult chronic undernutrition. Br J Nutr 1996;76:9-15.

166. Flood A, Chung A, Parker H, Kearns V, O'Sullivan TA. The use of hand grip strength
as a predictor of nutrition status in hospital patients. Clin Nutr 2014;33:106-14.

167. Lopes J, Russell DM, Whitwell J, Jeejeebhoy KN. Skeletal muscle function in
malnutrition. Am J Clin Nutr 1982;36:602-10.

168. Russell DM, Leiter L, Whitwell J, Marliss E, Jeejeebhoy K. Skeletal muscle function
during hypocaloric diets and fasting: a comparison with standard nutritional assessment

parameters. Am J Clin Nutr 1983;37:133-8.

169. Rolland Y, Czerwinski S, Van Kan GA, Morley J, Cesari M, Onder G, Woo J,
Baumgartner R, Pillard F, Boirie Y. Sarcopenia: its assessment, etiology, pathogenesis,
consequences and future perspectives. The Journal of Nutrition Health and Aging

2008;12:433-50.

170. Heymsfield SB, Olafson RP, Kutner MH, Nixon DW. A radiographic method of
quantifying protein-calorie undernutrition. Am J Clin Nutr 1979;32:693-702.

171. Flora A, Dichi I. Current aspects of nutritional therapy in inflammatory bowel disease.

Rev Bras Nutr Clin 2006;21:131-7.

70



172. Vaisman N, Dotan I, Halack A, Niv E. Malabsorption is a major contributor to

underweight in Crohn's disease patients in remission. Nutrition 2006;22:855-9.

173. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, Martin FC,
Michel J, Rolland Y, Schneider SM. Sarcopenia: European consensus on definition and

diagnosisReport of the European Working Group on Sarcopenia in Older PeopleA. J. Cruz-
Gentoft et al. Age Ageing 2010;39:412-23.

174. Geerling B, Badart-Smook A, Stockbriigger R, Brummer R. Comprehensive
nutritional status in recently diagnosed patients with inflammatory bowel disease compared

with population controls. Eur J Clin Nutr 2000;54:514.

175. Jahnsen J, Falch JA, Mowinckel P, Aadland E. Body composition in patients with

inflammatory bowel disease: a population-based study. Am J Gastroenterol 2003;98:1556-
62.

176. Geerling BJ, Badart-Smook A, Stockbriigger RW, Brummer R. Comprehensive
nutritional status in patients with long-standing Crohn disease currently in remission. Am

J Clin Nutr 1998;67:919-26.

177. Bryant R, Ooi S, Schultz C, Goess C, Grafton R, Hughes J, Lim A, Bartholomeusz F,
Andrews J. Low muscle mass and sarcopenia: common and predictive of osteopenia in

inflammatory bowel disease. Aliment Pharmacol Ther 2015;41:895-906.

178. Lohman TG, Roche AF, Martorell R. Anthropometric standardization reference

manual. Human kinetics books Champaign, 1988.

179. Wu L, Lin Y, Kao T, Lin C, Liaw F, Wang C, Peng T, Chen W. Mid-arm muscle
circumference as a significant predictor of all-cause mortality in male individuals. PloS

one 2017;12:e0171707.

180. Zeng P, Wu S, Han Y, Liu J, Zhang Y, Zhang E, Zhang Y, Gong H, Pang J, Tang Z.
Differences in body composition and physical functions associated with sarcopenia in

Chinese elderly: Reference values and prevalence. Arch Gerontol Geriatr 2015;60:118-23.

71



181. Chen LK, Liu LK, Woo J, Assantachai P, Auyeung TW, Bahyah KS, Chou MY, Chen
LY, Hsu PS, Krairit O, et al. Sarcopenia in Asia: consensus report of the Asian Working
Group for Sarcopenia. ] Am Med Dir Assoc 2014;15:95-101.

182. Miiller M, Geisler C, Pourhassan M, Gliier C, Bosy-Westphal A. Assessment and
definition of lean body mass deficiency in the elderly. Eur J Clin Nutr 2014;68:1220.

72



APPENDICES

Appendix 1 (A1): Information Sheet and Consent Form

ELN LA EESIﬁT-[? 1 Division of Gastroenterology Puneeta Tandon
Deparement of Medicine M, FRCPEC, Mae

Zmzier famdy SaEroniane ceakh & Baseecs Ceie e T TG R T Sacd s mEraAEe Tak TOOLAYZ-2834

BE drmruis e 114 St Fais TBE, 4333474

HOSPTALS
UNNERSITY OF ALBERTA

GASTRCEHTERDLOGY

Hardm Yeituscon wm Lavan, WO ShD
DRECTOR

AHE Bamanbon Tare Seckon Hesd
Lponen & Cisimrmn, MO S0
Rictars M Faciorsk, WD
DeaH J Kaa. WD

v Lisrea. WD
i J LMD

John P WcRagray, WD
Goapad 5 Sandne, MRS

Eric & Garnischar, VD

St W Shertwaik, VO
Frofeans: i

Chiay Tethora, WD

aren ang, VD!

Edjunc Frofesson

Jom Maddings, MO

ol VT, D
HEPATOLOGY
'Wiuenl G Bsa. WD
Himm S Sulfmesd, WD
Coamaniog J Marveim. HD
bl M Bl VD

Aagess | Lagon. VBT
Az Wormmr-Logs. WL
Turesin Tandos, MG
Winnis W 5 Yiong, MO
Fepalalogy Murss FraciiBamer
Menele Dadaniegs HS
BAsiC BOENTETREIEAACH
Wl Tharmay Clancin, PG
Caana Cow, P
Cartwrines J Fisid Ph)
e J Doooran. Pl

P oo PR
Farent L Madusa, Pl

ROYAL ALENANDRA
Lirg ERi. WD

Jures P Faqace, WD
Lman B Grmesiicy, WD
Kl b, D

I Helaiend, VD
Euwrah J Rpbbid, ke, VD

Tarisl C Sackenir, VO
SITE CHEF

Ewrin M Toxkorub, VD
Cwenze KW oy, WD
Wby Ternaa, BT
WEPATOLOGY

Fetan J Basey, b0

Fisthatry [ Chary, VD
Mars £ velad. WD

Lo W S, WD SO
Fmanam BA Veatiern, WD
BITE CHEF

GREY MUKS

Deghr-Ladcor LriTe, Unmenity of Alses CEvgRit
Edinamton, Afsarts. Carads 75 160

INFORMATION SHEET

THE VALIDITY OF PATIENT-LED SELF-SCREENS FOR IDENTIFYING
MALNUTRITION IN IBD

INVESTIGATORS:

P. Tandon, MD, FRCPC  Uof A, Division of Gastroenterology 4920844
M. Ma, MD, FRCPC L of A, Division of Gastreenterology

T. Eslamparast, MSc UaofA, Division of Gastroenterology 492-0844
K. Kroeker, MD UofA, Division of Gastroenterology

A, Montano-Loza MD U af A, Division of Gastroenterology

R. ). Bailey, MD RAH, Division of Gastroenterology

BACKGROUND:  Many people with  inflammatory  bowel  disease  are
malnourished. This can lead to poor clinical outcomes, including worsened disease
control. weakness and an inereased nsk of death: Although we believe this 1s
important W do, we do not currently have a system in place 1o sereen all patients
with inflammatory bowel disease for malnutriton. In other patient populations, a
malnuotrition “self-screen”™ — a shont questionnaire completed by a pavent provides
an accurate assessment of malnutmtion risk. The pupose of this study s to
compare the data gathered from these shor patient-led “selfescreens” to a nutrition
assessment performed by a health care practitioner. In addition we will be getting
simple measures of vour arm muscle mass and hand-grip strength to see if these
improve our ability to assess malnutrition.

DESCRIPTION OF THE STUDY: You have been asked (o be m this study
because vou have a history of inflammatory bowel disease and you are currently
being seen in the [BD clinic. If vour doctors decide that vou meet the inclusion
criteria far the study, we will approach vou to review this information sheet with
you and determine if you would be willing 10 participate,  [If you decide 1w
pamicipate, we will take 3 minutes to go through this consent form and answer any
guestions vou have. For another 10-15 minutes we will ask vou to fill out four
short nutrition “self-screening™ questionnaires and do a nutrition screemng and
assessment on vou including a measure of vour muscle mass in vour arm using a
tape measure and a measure of your muscle strength using a hand-grip tool.
Participation in this siudy will not interfere with your treatments,

Gadroedinil ing! Uver Diuretes Spimarch KOLCH: Qoop

Version 3, Feb 5, 2017

73



L]

RESEARCH PROCEDLURES
Testing will be carried out on one day only.

We will perform the following tests on you at the University of Alberta Hospital or the
IBD clinie, depending where vou are being seen in clinic or admitted.

Test Day 1.
Nutritional status evaluation:

1) Ten minutes nutrition self-screens o assess vour nutrition status - abridged Patient-
wenerated subjective plobal assessment (abPG-5GA), the Malnutnition Universal
screening tool (MUST), the Canadian Nutntion Screening Tool (CNST) and the
Saskachwen IBD-Nutrition Risk (SaskIBD-NR).

2} Your height and weight will be measured

3) Five minutes nutrition screens performed by the health care practitioner - Doing all
of them will allow us to compare which is the most accurate, These include the

abPG-3GA, MUST. CNST and SaskIBD-NR
4) Testing hand-grip strength using a tool that you squeeze with your hand

5) Ten minutes nustritional assessment administered by a dietitian — Subjective global
assessment (S0GA)

&) Circumference of your upper arm taken using a tape measure

Ty Triceps Skinfold Thickness of your upper arm to assess how much fat fissue vou
have in vour arm

We will get information about vour disease severity, your medications, when you had
vour last CT scan or MR1 of the abdomen (5o we can assess muscle mass based on that)
and your clinical owcomes from your electronic medical health records including
MNetcare,

POSSIBLE BENEFITS: This study will help vs to identify a quick and acceptable ool
to screen our patients with inflammatery bowel disease for malnuinvon, It will also
allow us to identify the relationship between nutntional status and important clinical
outcomes. The information gathered may allow us to improve our care of owr patents,
You may not personally derive benefit by participating in this study.

POSSIBLE RISKS: There are no risks to the nutritional assessment measures (height,
weight, arm and leg circum ference measurements, triceps skinfold thickness, hand-grip
strength). It is not possible to know all of the risks that may happen in a study, but the
researchers have taken all reasonable safeguards to nunimize any known risks 1o a study
participant,

-
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Do 1 have to take part in the sindy?: Being in this study is your choice, 17 vou decide
tox be in the study, you can change vour mind and stop being in the study at any time,
and it will in ne wav affect the care or treatment that vou are entitled o,

What happens if 1 am injured because of this research: I vou become ill or injured
as a result of being in this study, vou will receive necessary medical treatment, at no
additional cost to vou. By signing this consent form vou are not releasing the
mvestigator(s), institutionds) and‘or sponsor(s) from their legal and professional
responsibilities,

CONFIDENTIALITY: During the study we will be collecting health data about vou.
We will do everything we can 1o make sure that this data is kept private. No data
relating to this study that includes your name will be released outside of the study
doctor’s office or published by the researchers. Sometimes, by law, we may have to
release your information with vour name s0 we cannot guarantee absolute privacy.
However, we will make every legal effort to make sure that vour health information is
kept private. The study doctor/study staff may need 1o look at yvour personal health
records held at the study doctor’s office, andior kept by other health care providers that
you may have seen in the past {i.e. your family doctors). We will also access vour
electronic medical records to collect some additional health information about you. Any
personal health information thar we get from these records will be only whai is needed
for the study. During research studies 1t 15 important that the data that we get is
accurate. For this reason, your health data, including your name, may be looked at by
people from the University of Alberta. By signing this consent form vou are indicating
that vou are giving your permission for the study doctor/stafT to collect, use and disclose
information about vou from vour personal health records as described above. After the
study 15 done. we will still need to securely store vour health data that was collected as
part of the study. At the University of Alberta, we keep data stored for 5 vears after the
end of the study. [f vou leave the study, we will not collect new health information
about vou, but we will need to keep the data that we have already collected

CONTACTS: Please contact the following mvestigator listed below if you have any
guestions and concemns. P. Tandon, MD FRCP(C) (492-9844).

If vou have any questions or concerns abont vour rights as a pariticpant, or how this
study is being conducted, you may contact the University of Alberta’s Research Ethics
Office at 780-492-2615. This office has no affiliation with the stedy investigators.

Version 3, Feb 5, 2017
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CONSENT FORM

THE VALIDITY AND ACCEPTABILITY OF PATIENT-LED SELF-SCREENS
FOR IDENTIFYING MALNUTRITION IN IBD AND CIRRHOSIS

INVESTIGATORS:
P. Tandon, MD, FRCPC  Uof A, Division of Gastroenterology 492-9344
M. Ma, MD, FRCEC Lol A, Division of Gastroenterology
T. Eslamparast. M5¢ Uof A, Division of Gastroenterology 492-9844
K. Kroeker, MD Lof A, Division of Gastroemerology
A. Montano-Loza MD Uof A, Division of Gastroenterology
R. I. Bailey. MD BRAH,  Division of Gastroenteralogy

I} Do voun understand that you have been asked to be in a research study?  Yes  MNo
23 Have vou read and received a copy of the attached Information Sheet? Yes No

3) Do you understand the benefits and risks involved in taking part mthis Yes  No
research study?
4) Have vou had an opportunity to ask questions and discuss this study? Yes MNo

5) Do you understand that you are free to refuse to participate or withdraw
from the study-at any time? You do not have to give a reason and it
will not affect your care. Yes No

) Has the issue of confidentiality been explained to you? Do vou
understand who will have access to vour health records including
personally identifiable health information? Yes Mo

7) Do you want the investigator to inform vour family doctor that you

are participating n this research study? If so, please provide your

doctor's name: Yes No
Who explamed this study to you?

I agree to participate m this study. Yes No
Signature of Research Participant Date of Signature
Pronted Mame Printed MName

| believe that the person signing this form understands what is involved in the study and
voluntarily agrees 1o participate.

r ) Signature of Investigator or desimmes [rate of Signature
ﬂ;: s Version 3, Feb 5, 2017
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Appendix 2 (A2): General Data Collection Sheet

A 2-1 Demography and Clinical Data Sheet

I.I Alberta Health

Services

Principal Investigator:
Co-Investigator(s):

Research coordinator:

UNIVERSITY OF

ALBERTA

Dr. Puneeta Tandon MD

Dr. Karen Kroeker MD

Tannaz Eslamparast, MSc

Title of Project:  The validity of patient-led self-screens for identifying malnutrition
in IBD

Phone: 780 492 9844

Baseline Data Collection Sheet - IBD

Year /Month

/Day

Patient General Information Study ID:
Patient Name
First Last M.IL
Gender [ ]Male [ ] Female
Date of Birth / /
Year /Month /Day
Date of Baseline Visit / /
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Patient Comorbidity Information:

Heart attack / MI [ ]Yes [ ]No
If YES, Date (if known):
Prior angioplasty or stent [ ]Yes [ ]No
Prior cardiac surgery [ ]Yes [ ]No
If YES, Specify
type(s):
Diabetes (type I or II) [ ]Yes [ 1No

IfYES, [ ]Typel
[ ] End-organ damage

[ ]Typell
[ ] Insulin-dep

Hypertension [ ]Yes [ ]No
Dyslipidemia [ ]Yes [ ]No
Peripheral vascular disease [ ]Yes [ ]No
Stroke [ ]Yes [ ]No
If YES, [ ] Hemiplegia
Cerebrovascular disease (other than stroke): [[ ] Yes [ ]No
If YES, Specify type(s):
Other neurologic disease (e.g. Parkinson’s) [ ]Yes [ ]No
Cirrhosis [ ]Yes [ ]No
Gastro-intestinal disease (e.g. reflux, ulcer, [ ]Yes [ ]No
hiatal hernia) If YES, Prior Gl bleed [ Jupperor[ ]lower
Pulmonary hypertension [ ]Yes [ ]No
If YES, PAPs (if known): mmHg
Emphysema / COPD (chronic obstructive [ ]Yes [ ]No
lung disease) IfYES, [ ]|Mild [ ]Moderate [ ] Severe

FEV1 (if known):

[ ] HomeO2

Asthma [ ]Yes [ ]No
Arthritis (rheumatoid or osteoarthritis) [ ]Yes [ ]No
Congestive Heart Failure (CHF) [ ]Yes [ ]No
Back disease (e.g. degenerative disc, spinal [ ]Yes [ ]No
stenosis, severe chronic back pain)

Visual impairment (e.g. cataracts, glaucoma, [[ ] Yes [ ]No
macular degeneration)

Hearing impairment [ ]Yes [ ]No
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Dementia [ ]Yes [ ]No
Depression [ ]Yes [ ]No
Anxiety / Panic attacks [ ]Yes [ ]No
Malignancy [ ]Yes [ ]No
HIV/AIDS [ ]Yes [ ]No
Falls (in past year) [ ]Yes [ ]No
If YES, How many
Psychological stress or acute disease [ ]Yes [ ]No

IBD:
- Crohn’s disease
- Ulcerative colitis

Describe the extent of involvement.

Complete the Harvey Bradshaw Index (attached) for Crohn’s disease or the Mayo Risk Score for

Ulcerative Colitis (attached).

History of IBD Complications

- Need for hospitalization for IBD in the past 12 months?
- Month of last hospitalization in the past 12 months?

Current Medications (Prescriptions, Herbal, OTC, Supplements)

Drug Name

Dosage (mg)

Frequency

Medical and Surgical History
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Average Alcohol Intake: (#drinks/week)

O Never O Current

00 Used to drink How many months of abstinence?

(at peak drinking amount)

Smoking History:

O Never [ Current O Ex-Smoker
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A 2-2 Disease Activity Index Sheets

A 2-2-1 Harvey-Bradshaw Index (HBI) — Assessment for Crohn’s Disease Activity

Division of Gastroenterology

University of Alberta

Modified Harvey Bradshaw Index
Assessment for Crohn’s Disease Activity
Patients, please complete Questions 1, 2 & 3.

Base your answers on how you felt yesterday.

1. General Wee-being (see description)
Very well =0

Slightly below Par = 1
Poor=2

Very Poor =3
Terrible = 4

ooogood

2. Abdominal Pain (see description)
None =0
Mild=1
Moderate = 2
Severe =3

O0OOdo

3. Number of Liquid or Soft Stools per
day (Yesterday)

Physician, please complete Question 4

4. Additional Manifestations
None =0

Arthalgia =1

Uveitis = 1

Erythema Nodosum = 1
Aphtous ulcer = 1
Pyoderma gangrenosum = 1
Anal Fissure = 1
New Fistula=1
Abscess = 1

Ooooo4gogQgog

O

Total Harvey Bradshaw Index Score:

[sum of all above items]

Remission =<5

Mild Disease = 5-7
Moderate Disease = 8-16
Severe Disease > 16

RE:
DOB:
Date:

1.General Well-being Description

General well-being includes fatigue in the overall rating and how
you feel today. Record the worst you have felt today. Compare
yourself to someone else of your age, how would they rank their
general well-being? Below are some descriptors to help you rank
your category of general well-being.
e Very Well: General health is not generally a problem. You're
feeling very good or great and under control.
o Sliently Below Por: You're getting through things but feeling
below par and not normal. Something overall is preventing you
from saying “I feel wonderful”. You’re feeling good but not
great. You can work, socialize, and function on a day to day
basis.
Poor: Your symptoms bother you. You occasionally miss work,
school, or social activities. You have some embarrassing
moments with fecal incontinence. You have diarrhea,
abdominal pain, fatigue, and basically just feeling unwell, but
you are still able to function. You're getting through the day,
doing all your normal stuff but it is a struggle.
Very Poor: You're getting through a part of the day, but can’t
do your normal stuff. You can’t attend social events in evening.
You sometimes leave home from work early. You feel pretty
bad and are not doing much activity — only those absolutely
necessary. Your symptoms interfere with life considerably, you
don’t go out or are fearful when out, you miss a lot of school or
work. Fecal incontinence happens several times per week.
Terrible: You're unable to function. You can’t manage the
basics and you’re almost bedridden. This is the worse you have
ever been. You’re not working.

2.Abdominal Pain Description

Abdominal pain may include cramping and discomfort. It does not
have to be just “pain” as we know it. Below are some descriptors
to help you rank your category of abdominal pain.

e Mild: You’re aware that the abdominal pain is there but it does
not interfere with your life and continue with activities such as
work and pleasure. You feel and hear rumbles, gurgles, and
cramps.

Moderate: You’'re aware of your abdominal pain and must alter
your activities to manage the pain (ie. Lie down to rest,
postpone shopping trips until later, and take Tylenol). The pain
interferes with your life and daily activities. You may have to
miss work or pleasure activities on occasion.

Severe: Your abdominal pain causes you to stop all activity. You
are frequently in bed because of the pain, you call in sick to
work and cancel all activities.
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A 2-2-2 Partial Mayo Scoring Index (Mayo) - Assessment for Ulcerative Colitis Activity

Division of Gastroenterology

University of Alberta ﬁg’B:

Date:

Partial Mayo Scoring Index

Assessment for Ulcerative Colitis Activity

Patients, please enter number of daily bowel motions you would have
when in remission or before your diagnosis or symptoms of

ulcerative colitis began. This number will be Your Normal:

Patients, please complete Questions 1 and 2.

1. Stool Frequency (based on the past 3 days)

[] Normal number of stools =0
[J 1-2 stools more than normal =1
[]  3-4 stools more than normal =2
[J 5 or more stools more than normal =3

2. Rectal Bleeding (based on the past 3 days)

[J  No blood seen

[1  Streaks of blood with stool less than half the time =0
[1  Obvious blood with stool most of the time =1
[0 Blood alone passed =2

Physician, please complete Questions number 3.

3. Physician’s Global Assessment (to be completed by Physician)

[0 Normal (sub score are mostly 0) =0
[0 Mild Disease (sub score are mostly 1) =1
[0 Moderate Disease (sub score are mostly 1 to 2) =2
[0 Severe Disease (sub score are mostly 2 to 3) =3

The physician’s Global Assessment acknowledges the Sub scores, the daily record of abdominal discomfort
and functional assessment and other observations such as physical findings, and the patient’s performance
status.

Total Partial Mayo Index Score [sum of all above items]

Remission = (-1

Mild Disease = 2-4
Moderate Disease = 5-6
Severe Disease = 7-9

Version June 2009
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Appendix 3: Nutritional Screening Tools
A 3-1 Malnutrition Universal Screening Tool (MUST)

Step 1
Calculate your body mass index (BMI)

A. Measure your weight in pounds
B. Estimate or measure your height in feet and inches
C. Use the chart to estimate your BMI

If your BMI is less than 18.5, you score 2 point.
If your BMI is 18.5 - 20, you score 1 point.

If your BMI is greater than 20, you score 0 point.

Score

Step 2
Calculate your weight loss score.

A. What is your current weight? pounds
B. Estimate how much weight you have lost in the last 3 - 6 months? pounds
C. Use the chart to estimate your percentage of weight loss

If less than 5%, your score is 0 point.
If 5 — 10% weight loss, your score is 1 point.

If greater than 10% weight loss, your score is 2 points.

Score

Step 3

Do you feel acutely sick right now? [ONo  [Yes

Has your intake of food been poor for the last 5 days or likely to be poor for the next 5 days?
[1No [1Yes

If you answered yes to both questions then score 2 points. Otherwise your score is 0 point.

Score

Step 4 0 = Low risk of malnutrition

Add scores together 1 = Moderate risk of malnutrition

Overall score:

2 or greater = High risk of malnutrition
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Example of Charts Used for MUST
(adopted from: Cawood et al. Am J Clin Nutr.2012;96(5):1000-1007)

Step 1 Chart Example Section

* Find your height in one of the white columns on the left of the table

« Read across the same row as your height to find the weight range your weight today falls into
* |Look to the top of the coloured column for your score (score 0, 1 or 2)

* Write your score for Step 1 on the nutrition tool,

HEIGHT _ o bl d
Score 1

1.46m 4' 91" more than 42,60 kg 39.40 - 42.60 kg less than 39.40 kg
1.4Tm 4' 10" maore than 43.20 kg 40.00 - 43.20 kg less than 40.00 kg
1.48m 4'10%" | more than 43.80 kg 40.50 - 43.80 kg less than 40.50 kg
1.49m 4'10%" | more than 44.40 kg 41.10 - 44.40 kg less than 41.10 kg
1.50m 411" more than 45.00 kg 41.60 - 45.00 kg less than 41.60 kg
1.51m 4'11%" | more than 45.60 kg 42.20 - 45.60 kg less than 42.20 kg
1.52m 50" more than 45.20 kg 42,70 - 46.20 kg less than 42.70 kg
1.53m 5' 0w more than 46.80 kg 43.30 - 46.80 kg less than 43.30 kg
1.54m 5 0%" more than 47.40 kg 43.90 - 47.40 kg less than 43.90 kg
1.55m 51" more than 48.10 kg 44.50 - 48.10 kg less than 44.50 kg

[SCOREGIN  sco 1 [NSCORSEN

Step 2 Chart Example Section

Only complete this step if you have |ost weight without trying in the last 3 months

* Find your weight before you lost weight (3 months ago) in the white column

* Aead across the row to find the welght range your weight today falls into

+ | ook to the top of the coloured column that your weight is in to find your score for Step 2 {scora 0, 1 or 2)
* Write your score for Step 2 on the nutrition tool.

84

WEIGHT Weight (kg)
3 MONTHS AGO Score 1

30kg dst 10Ib more than 28.5 kg 27.0-28.5kg less than 27 kg

31 kg 4st 12Ib more than 29.5 kg 27.9-295kg less than 27.9 kg
32 kg 5st 1lb maore than 30.4 kg 28.8-30.4 kg less than 28.8 kg
33 kg 5st 3lb more than 31.4 kg 29,7 - 31.4 kg less than 29.7 kg
34 kg 5st 5lb more than 32.3 kg 30.6-323kg less than 30.6 kg
35 kg Sst 7Ib more than 33.3 kg 31.5-333 kg less than 31.5 kg
36 kg 5st 9lb more than 34.2 kg 32.4 - 34.2 kg less than 32.4 kg
37 kg 5st12ib | more than 35.2 kg 33.3-35.2kg less than 33.3 kg
38 kg Bst more than 36.1 kg 34.2 - 36.1 kg less than 34.2 kg
39 kg Bst 2ib more than 37.1 kg 35.1-37.1kg less than 35.1 kg
40 kg 6st 4ib more than 38.0 kg 36.0 - 38.0 kg less than 36.0 kg

score 1 SRR




A 3-2 Canadian Nutrition Screening Tool (CNST)

Ask the patient the following questions (two yes answers indicates nutrition risk)

Have you lost weight in the past 6 months

THAN A WEEK?

WITHOUT TRYING to lose this weight? DYES ONO
If the patient reports a weight loss but gained it back,

consider it as NO weight loss.

Have you been eating less than usual for MORE OYES ONO
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A 3-3 Saskatchewan IBD — Nutrition Risk Tool (SaskIBD-NR)

Nutrition screening item Score

1. Have you experienced nausea, vomiting, diarrhea O no symptoms = 0

i ?
or poor appetite for greater than two weeks? O two symptoms = |

O >3 symptoms = 2

Ono=0

2. Have you lost weight in the last month without
O unsure = 1

ing?
trying! LI yes = see below
IF YES, how much weight have you lost? O<51bs=0 O5-101bs =1
O 10-151bs =2 O>151bs=3
3. Have you been eating poorly because of a 'no :_0
) Oyes=2
decreased appetite?
4. Have you been restricting any foods or food Lino =0
Oyes=2

groups?

0 -2=Low Risk
Total score: 3 - 4 = Medium Risk
> 5 = High Risk
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A 3-4 Abridged Patient-Generated Subjective Global Assessment (abPG-SGA)

History Boxes 1-4 are designed to be completed by the patients.

Patient ID Information

Weight
In summary of my current and recent
weight:

I currently weigh about

I am about feet tall.

One month ago [ weighed about  pounds.
Six months ago [ weighed about  pounds.

During the past two weeks my weight has:
[J decreased [ not changed []increased

Box 1

pounds.

Food Intake: As compared to my normal
intake, I would rate my food intake during
the past month as:
[0 Unchanged
[0 More than usual
[  Less than usual
I am now taking:
1 Normal food but less than formal
amount
[ Little solid food
[ Only liquids
7 Only nutritional supplements
[0 Very little of everything
[ Only tube feedings or only nutrition
by vein

Box 2

Symptoms: I have had the following
problems that have kept me from eating
enough during the past two weeks (check
all that apply):

No problem eating

No appetite, just did not feel like eating
Nausea [J vomiting
Constipation [ diarrhea
Mouth sores [J dry mouth

Things taste funny or have no taste
Problem swallowing [ Feel full quickly
Pain; where? [] Fatigue
Other**
* Examples: depression, money, or dental
problem

*O0 000000 o.o

Box 3

4.

Activities and Function:

Over the past month, I would generally rate my
activity as:

(1 Normal with no limitation

(1 Not my normal self, but able to be up
and about with fairly normal activities

[0 Not feeling up to most things, but in
bed or chair less than half the day

[0 Able to do little activity and spend
most of the day in bed or chair

[ Pretty much bedridden, rarely out of
bed

Box 4
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Appendix 4: Nutritional Assessment Tools
A 4-1 Subjective Global Assessment (SGA)

Medical History

WEIGHT Usual weight.....
Wt change past 6 months Amount weight loss.......

0-<5% loss
5-10% loss
>10% loss

Weight change past 2 weeks
No change; normal weight
Increase to within 5%

Increase (1 level above)

No change, but below usual wt
Increase to within 5-10%
Decrease

Current weight.........
% weight loss..........

Amount...................

DIETARY INTAKE
No change; adequate
No change; inadequate

Change Duration of change...............

Suboptimal diet
Full liquid
Hypocaloric liquid
Starvation

Intake borderline; increasing
Intake borderline; decreasing
Intake poor; no change
Intake poor; increasing
Intake poor; decreasing

GASTROINTESTINAL SYMPTOMS

Frequency (never, daily, no. of times/week)
Nausea e
Vomiting
Diarrhoea
Anorexia

None; intermittent
Some (daily >2 week)
All (daily >2 week)

Duration (<2wk, >2wk)

Mild
Mild
Mild
Mild

Moderate
Moderate
Moderate
Moderate

Severe
Severe
Severe
Severe

FUNCTIONAL CAPACITY

No dysfunction Duration of change .................

Difficulty with ambulation/normal activities
Bed/chair-ridden

Change past 2 week
Improved

No change
Regressed
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Physical examination

SUBCUTANEOUS FAT

Under the eyes

Slightly bulging area

Hollowed look,
depression,
dark
circles

Triceps

Large space between
fingers

Very little space
between fingers,
or
fingers touch

Biceps

Large space between

Very little space

fingers between fingers,
or
fingers touch
MUSCLE WASTING
Temple Well-defined Slight depression Hollowing,
muscle/flat depression
Clavicle Not visible in Males; Some protrusion; Protruding/prominent
may be visible but not may not be all the bone
prominent in females way along
Shoulder Rounded No square look; Square look; bones
acromion process prominent
may protrude slightly
Scapula/ribs Bones not prominent; Mild depressions or Bones
no significant bone may show prominent;
depressions slightly; not all significant
areas depressions
Quadriceps Well rounded; no Mild depression Depression;
depressions thin
Calf Well developed Thin; no muscle
definition
Knee Bones not prominent Bones
prominent
Interosseous muscle Muscle protrudes; Flat or
between could be flat in females depressed
thumb and forefinger area
OEDEMA (related to No sign Mild to moderate Severe
malnutrition)
ASCITES (related to No sign Mild to moderate Severe
malnutrition)
OVERALL SGA RATING A B C




A 4-2 Muscle Mass Assessment (MAMC)

Muscle Mass Measurement [on the patient’s right side]
Trial 1 Trial 2 Trial 3 Average
Mid upper arm
circumference (MAC)
(cm)
Triceps Skinfold (TSF)
(mm)
Mid arm muscle _
circumference (MAMC) ~ Ve (MACte) ~ [ 3.14 > ave. (T5Fjam)] = cm
*use average values —_—
A 4-3 Hand Grip Strength (HGS) Assessment
Handgrip Strength (kg) [on the patient’s dominant hand]
Right Hand Left Hand
Dominant hand: Trial 1: Triall:
[ ]Right Trial 2: Trial 2:
[ ]Left Trial 3: Trial 3:
Average: Average:
Max: Max:

Does the patient have any hand injury, sore wrist, nerve related problems or carpal tunnel that would
prevent them from performing the handgrip strength test to their full ability? Yes|[ ] No[ ]

90



