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Abstract
Background
Crohn’s disease (CD) is a chronic inflammatory condition affecting the gastrointestinal tract,
with severe implications for quality of life. Its incidence is increasing, its cause is unknown, and
no cure is available. Treatments include nutrition, medications and surgery. Dynamic research
underpins medical therapy for CD, but adverse effects and high treatment costs are common.
Patients with CD frequently suffer malnutrition and reduced muscle and bone mass. Body
composition analysis identifies these changes. Body composition predicts toxicity and response
to chemotherapy for cancer patients, predicts survival in elderly patients, and it holds promise
of predicting the severity and behaviour of an individual patient’s CD, as well as the likelihood
of response to medications or probability of toxicity. This offers an opportunity to tailor better,
safer and more cost-effective care.
Aims
The aims of this research were to explore interactions between body composition and
treatments for CD through several linked studies.
Methods
A systematic review of the literature was performed. An anonymous survey was undertaken of
members of Australian national groups for support of inflammatory bowel and clinician
professional associations.
Imaging studies obtained as part of routine clinical care in patients with CD were analysed
using dedicated software, with areas of skeletal muscle and adipose tissue employed to create a
model of body composition that was validated by reference to contemporaneous dual-energy
X-ray absorptiometry.
This model formed the basis of a study correlating drug dose, body composition and levels of
thiopurine metabolites.
A cohort of inflammatory bowel disease patients prescribed anti-tumour necrosis factor alpha
(TNF) therapy was subject to retrospective analysis of body composition and time to treatment
failure.
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Data from a prospective, randomised controlled trial of treatment to prevent post-operative
recurrence of CD were analysed to determine whether body composition was a predictor of
outcomes after surgery.
Results
Australian inflammatory bowel disease patients and their treating clinicians have different views
regarding diet. The prevalence of self-reported overweight and obesity in a national cohort was
less than in the general population; patients with high corticosteroid exposure were more likely
to be overweight or obese.
A highly accurate model of body composition was derived from analysis of a single abdominal
image.
Therapeutic levels of thiopurine drugs did not correlate with weight or with body composition,
but higher doses of drug relative to fat-free mass or total body weight were associated with
increased levels of potentially hepatotoxic metabolites.
Patients with low levels of skeletal muscle had significantly earlier loss of response to anti-TNF
therapy.
Patients with high levels of visceral adipose tissue experienced endoscopic recurrence of CD
after surgery.
Conclusion
Body composition is related to CD activity and severity. Variances in body composition affect
drug metabolism and outcomes of treatment, with low muscle mass a risk factor for thiopurine
toxicity and anti-TNF failure and high visceral adipose tissue area associated with recurrence
of CD after surgery. Analysis of body composition adds prognostic value to an individualised
model of CD, and may deliver improved patient outcomes.
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Chapter 1: Introduction

Chapter 1: Introduction
Context – background, current theory and current practice
Crohn’s disease is a chronic, idiopathic, inflammatory disease of increasing incidence. It is
characterised by ulceration and transmural inflammation of the gastrointestinal tract. Crohn’s
disease is a cause of significant disability, reduction of quality of life, and health care costs in
the Australian setting. Current treatment guidelines recommend escalating immunosuppressive
medication based on disease severity and behaviour. Adverse effects from therapy are frequent,
and the majority of patients require surgery for the condition.
As drug treatment options for Crohn’s disease expand, with different mechanisms of action,
pharmacokinetics and potential toxicities, it is increasingly important to identify predictors of
treatment response or harm. Most of the identified predictive factors are disease-specific:
perianal fistulising disease, penetrating or stricturing complications and upper gastrointestinal
location confer a worse prognosis. Patient-specific factors are less well-described, although
young age at diagnosis and smoking status are associated with increased complications and a
need for more intensive treatment. Current research has validated models of outcome
prediction in Crohn’s disease based on disease-specific, serological and genetic variables.
Body composition analysis is the use of various techniques to quantify functional, anatomic and
tissue compartments. It is acknowledged that inflammatory diseases, particularly Crohn’s
disease, change body composition. Low skeletal muscle mass, frequently in conjunction with
low body weight, is typical.
Conceptually, routine evaluation of body composition represents a valuable addition to clinical
care: analysis is accessible, variations in body composition have significant pharmacokinetic
effects, and body composition reflects the severity and duration of Crohn’s disease, which are
independent predictors of outcome. However, there is a lack of prospective trials that utilise
body composition to select therapeutic drug, drug dose or perioperative management strategy
and report clinical outcomes.
Tailoring treatment regimens to individual patients by appropriately dosing medications, and
choosing therapies based on likelihood of response, provides better care and cost benefits. An
individualised approach is the subject of growing research into aetiologic, metabolic and
prognostic factors.
This thesis explores the extent to which body composition contributes to these factors.
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Overview of the thesis
This thesis comprises published works which explore the relationship between body
composition and treatment for Crohn’s disease. Interactions between body composition and
disease behaviour, drug metabolism, response to treatment and outcomes after surgery are
topics covered in the publications and discussion.
A systematic review of the literature (chapter 2) has been performed with a view to publication,
and recently updated. This places the research elements of the thesis in context. Occasional
repetition of aims and methods, themes or findings may be expected in a thesis consisting of
published and submitted papers. The systematic review contains references to three
publications (two published articles and one abstract) that were generated during this
candidature and identified by the search strategy. While this places the research in context, it
does not serve to emphasise the gaps in the current literature that this body of work seeks to fill.
The systematic review is followed by five papers published, or accepted for publication, in
separate chapters, accompanied by linking introductory and commentary text.
An examination of patient and clinician attitudes to diet and weight in inflammatory bowel
disease (chapter 3) provides a qualitative basis for determining priorities for research in this
area. Chapter 4 describes validation of a technique for measuring body composition – using
computed tomography images obtained as part of routine clinical care in patients with Crohn’s
disease – which allows retrospective analysis of existing patient cohorts. The use of this
technique to examine the relationship between body composition and levels of drug metabolites
measured in blood samples is detailed in a published retrospective cohort study forming chapter
5. Low muscle mass was found to be associated with earlier failure of treatment in analysis of a
different cohort (chapter 6). Post-surgical recurrence of Crohn’s disease was assessed in a
prospective randomised control trial; retrospective analysis of body composition in a sample of
patients from this trial, described in chapter 7, demonstrated poorer outcomes were associated
with excessive visceral adiposity.
A concluding chapter (chapter 8) synthesises the findings of the individual findings and proposes
future research directions.
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Hypotheses and aims
Chapter 3: Patients with inflammatory bowel disease and their treating clinicians have
different views regarding diet
•

Hypothesis 1:
o That patients with inflammatory bowel disease believe diet is an important
influence on their disease and restrict their dietary intake, but that clinicians
provide a variety of advice

•

Aims:
o To determine patient and clinician attitudes to diet in inflammatory bowel
disease
o To seek data regarding weight, body habitus, medical treatment and past
surgery in a large sample of patients
o To elicit differences in beliefs and clinical practices between dietitians, surgeons
and physicians treating inflammatory bowel disease patients
o To determine whether there was an association between overweight or obesity
and increased treatment intensity in a national cohort

Chapter 4: Body composition analysis using abdominal scans from routine clinical care
in patients with Crohn’s Disease
•

Hypothesis 2:
o That cross-sectional abdominal imaging obtained by computed tomography
(CT) and magnetic resonance imaging (MRI) during routine clinical care for
patients with Crohn’s disease allows accurate estimation of body composition
parameters

•

Aims:
o To correlate cross-sectional areas of skeletal muscle and adipose tissue obtained
by analysis of CT or MRI images obtained during routine clinical care with
body composition measurements by whole-body dual energy X-ray
absorptiometry (DXA) in patients with Crohn’s disease
o To define and validate formulae to estimate whole body fat mass and fat-free
mass from analysis of a single cross-sectional image
o To identify a most predictive level for performing such analysis
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o To describe the prevalence of significantly low muscle mass/sarcopenia in a
cohort of Crohn’s disease patients
Chapter 5: Weight and body composition compartments do not predict therapeutic
thiopurine metabolite levels in inflammatory bowel disease
•

Hypothesis 3:
o That weight-based dosing is inferior to dosing by body composition parameters
at achieving therapeutic thiopurine metabolite levels

•

Aims:
o To apply body composition analysis to a cohort of inflammatory bowel disease
patients with available thiopurine metabolite level results
o To determine associations between thiopurine metabolite levels and drug dose
adjusted for weight, body mass index, body surface area and body composition
compartments

Chapter 6: Low muscle mass at initiation of anti TNF therapy for inflammatory bowel
disease is associated with early treatment failure
•

Hypotheses 4 & 5:
o That body composition parameters predict response to anti-TNF therapy
o That patients with increased visceral adipose tissue mass have a lesser clinical
response to anti-TNF therapy

•

Aims:
o To apply body composition analysis to a cohort of inflammatory bowel disease
patients with available clinical outcome data after commencement of anti-TNF
therapy
o To determine associations between body composition parameters/phenotypes
and time to loss-of-response after anti-TNF induction

Chapter 7: Visceral adiposity predicts recurrence in post-operative Crohn’s disease
patients
•

Hypotheses 6 & 7:
o That body composition parameters predict endoscopic recurrence after surgery
for Crohn’s disease
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o That increased visceral adipose tissue is associated with less response to
treatment with adalimumab, and with lower serum adalimumab levels
•

Aims:
o To apply body composition analysis to a set of subjects from a randomised
controlled trial examining the effect of routine early assessment and treatment
escalation after surgery for Crohn’s disease
o To determine the importance of body composition parameters as predictors of
endoscopic recurrence and treatment failure after surgery for Crohn’s disease,
compared to established risk factors such as smoking, prior surgery and
penetrating Crohn’s disease phenotype
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Introduction
Crohn’s Disease is a chronic inflammatory disease, characterised by transmural inflammation
of the digestive tract. This inflammation, associated malnutrition, and immunosuppressive drug
therapy may contribute to altered body composition in Crohn’s disease patients1.
The concept of metabolically distinct body compartments, and measurement of these
compartments, has evolved from a two-compartment model (fat mass and fat-free mass)
proposed in the 1950s, using underwater weighing techniques by Behnke and colleagues2.
Three-, four- and six-compartment models are now in use depending on the technique applied,
comprising combinations of measures of fat mass, total body water, total body protein, soft
tissue minerals, bone minerals, and glycogen3. Body weight or body mass index may not
accurately estimate lean and adipose tissue compartments4, which may be better quantified in
clinical practice by various techniques5 including bioelectrical impedance analysis (BIA), crosssectional or volumetric computed tomography (CT) or magnetic resonance imaging (MRI)
analysis, dual-energy x-ray absorptiometry (DXA) and air displacement plethysmography.
In addition to these conceptual compartments, the understanding that the fat compartment
exhibits different metabolic behaviour in different anatomical locations has led to the
development of techniques for assessing visceral adipose tissue as a distinct entity. There is
considerable variation in the anatomical deposition of fat among individuals of the same body
mass index and same total fat mass6,7. The intra-abdominal fat compartment, or visceral
adipose tissue, has distinct metabolic activity, cellular composition, inflammatory infiltrate and
cytokine production8. In Crohn’s disease, mesenteric “fat wrapping” of the intestine was
recognised as disease-specific by Burril B Crohn9, and correlates with transmural
inflammation10. Hyperplasia, rather than hypertrophy, of visceral adipose tissue is a hallmark
of Crohn’s disease, with up to four times the cellular mass per unit area of adipocytes in Crohn’s
disease compared to controls11. Multi-slice CT and MRI scanning are generally accepted as
the reference standard for determining visceral adipose tissue volume although single-slice
imaging has shown a good correlation (r=0.95-0.99) with volume estimation from multi-slice
analysis12,13.
Whole body DXA is a widely-used body composition technique involving low-dose ionising
radiation (approximately 3.6 μSv; background radiation exposure is 7 μSv per day14). It
8
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provides a sensitive and specific measure of bone mineral density at selected skeletal sites15, and
is widely used for this application. In areas where the beam does not intersect bone, the ratio
of the attenuation of the two X-ray energies can be used to estimate fat and lean tissue masses
individually16. Extrapolation of these values applied to a whole body DXA scan can provide
estimates of total body fat and lean mass as well as bone mineral density15, and correlates well
with alternatively obtained measures of these components of the four-compartment model of
body composition17.
There is good correlation between DXA and CT measurements of abdominal adiposity18, but
DXA is not able to distinguish fat contained within the abdominal cavity from subcutaneous
fat. A combination of anthropometric measures and values from DXA may accurately estimate
visceral adipose tissue volume19, although a number of studies have shown that correlation with
CT measures of intra-abdominal fat vary with gender with r =0.46 to r =0.8520-22.
The assessment of skeletal muscle mass by DXA, is well described and validated23 and the
formulation of an appendicular skeletal muscle index (ASMI) has been incorporated into
standard definitions of sarcopenia, the condition of reduced muscle mass in conjunction with
impaired muscle strength or physical performance5,24. Appendicular skeletal muscle index,
from DXA, is the appendicular skeletal muscle mass, in kg, divided by the square of the height
in metres. Values more than two standard deviations below a young adult mean for gender are
considered in the sarcopenic range24.
Identification of sarcopenia by DXA offers important prognostic information in cohorts of
elderly or obese patients, or those with malignancy12,24-27. Our own validation study confirmed
that skeletal muscle area from single-slice imaging at a lumbar level correlates well with total
body fat mass, fat-free mass and appendicular skeletal muscle mass obtained by DXA in
patients with Crohn’s disease28.
Contemporary therapy options for Crohn’s disease include a small role for 5-aminosalicylates,
but standards of care comprise immunomodulators such as thiopurines and methotrexate,
corticosteroids and monoclonal antibodies to tumour necrosis factor alpha (anti-TNF drugs)2931.

Some of these medications are dosed in adult patients according to weight – which has a
variable correlation with body composition compartments. In particular, the anti-TNF drug
infliximab has weight-based dosing, whereas its counterparts adalimumab and certolizumab
9
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have fixed doses. Azathioprine and 6-mercaptopurine (6MP), the thiopurines, are purine
antimetabolites and traditionally dosed by weight, although this practice varies. Methotrexate
is generally given as a fixed dose31.
Recent additions to the pharmacological armamentarium against Crohn’s disease have been
an anti-interleukin 12 and 23 antibody (ustekinumab; binary dosing with a weight cut-off), antiintegrin antibodies (particularly vedolizumab and etrolizumab; fixed doses), and emerging
therapies such as new oral small molecules such as Janus kinase (JAK) inhibitors (for example,
tofacitinib and peficitinib [JAK 1 & 3], and filgotinib [JAK 1]), anti-sense oligonucleotides to
SMAD7 (mongersen), alpha-4 integrin antagonists and sphingosine-phosphate receptor
agonists32. With these new medications, endpoints for defining treatment success have also
changed. Whereas many early studies examined clinical remission or clinical response, often
using the Crohn’s Disease Activity Index (CDAI: a score based on the past week’s stool
frequency, abdominal pain, general well-being, extra-intestinal manifestations of Crohn’s
disease, use of anti-diarrhoeal medications, presence of an abdominal mass, low haematocrit,
percentage deviation from standard body weight33), recent research incorporates endoscopic
assessment of disease, quality of life indicators such as the Inflammatory Bowel Disease
Questionnaire (IBDQ)34, and biomarkers such as faecal calprotectin and serum C-reactive
protein.
Determination of body composition may have important implications for prognosis and
treatment of patients with Crohn’s disease, with studies in other inflammatory conditions
demonstrating associations between low muscle mass and poor clinical outcomes35-38 and
treatment toxicity39-41.
We sought to perform a systematic review of the literature regarding the role of body
composition in the treatment of Crohn’s Disease.

Methods
A search was performed on 30 July 2016, of OVID MEDLINE® 1946 – present, Embase
Classic+Embase 1947-present, Cochrane Central register of Controlled Trials and Cochrane
Database of Systematic Reviews 2005-present, using the following search term:
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1. exp Inflammatory Bowel Diseases/

14. infliximab.mp. [mp=tx, hw, sa, ti, ab,

2. crohn*.mp. [mp=tx, hw, sa, ti, ab, kw, ct,

kw, ct, ot, sh, tn, dm, mf, dv, nm, kf, px, rx,

ot, sh, tn, dm, mf, dv, nm, kf, px, rx, ui]

ui]

3. ulcerative colitis.mp. [mp=tx, hw, sa, ti,

15. vedolizumab.mp.

ab, kw, ct, ot, sh, tn, dm, mf, dv, nm, kf, px,

16. exp steroids/ or prednisolone/

rx, ui]

17. prednisolone.mp. [mp=tx, hw, sa, ti, ab,

4. exp Body Composition/

kw, ct, ot, sh, tn, dm, mf, dv, nm, kf, px, rx,

5. exp Body Constitution/

ui]

6. sarcopenia.mp. or exp Muscle, Skeletal/

18. hydrocortisone.mp. [mp=tx, hw, sa, ti,

or exp Sarcopenia/ or exp Muscular

ab, kw, ct, ot, sh, tn, dm, mf, dv, nm, kf, px,

Atrophy/

rx, ui]

7. myopenia.mp.

19. exp Mesalamine/

8. visceral adipose tissue.mp. or exp Intra-

20. mesalazine.mp. [mp=tx, hw, sa, ti, ab,

Abdominal Fat/

kw, ct, ot, sh, tn, dm, mf, dv, nm, kf, px, rx,

9. exp Adipose Tissue/ or fat mass.mp.

ui]

10.

exp

Thioguanine/

Mercaptopurine/
Immunosuppressive

or

exp

or
Agents/

or

6-

methotrexate.mp.

exp

Aminosalicylic

Acids/

or

exp

olsalazine.mp.

exp

22. exp Sulfasalazine/ or balsalazide.mp.

Azathioprine/
11.

21.

23. 1 or 2 or 3
or

exp

24. 4 or 5 or 6 or 7 or 8 or 9

Methotrexate/

25. 10 or 11 or 12 or 13 or 14 or 15 or 16

12. exp Infliximab/

or 17 or 18 or 19 or 20 or 21 or 22

13. adalimumab.mp. or Adalimumab/

26. 23 and 24 and 25

Articles were limited to those published in English and involving human subjects. A total of 677
records were identified for screening by this search strategy and from recursive searching of the
references of full-text articles reviewed (figure 2.1).
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Figure 2.1 PRISMA study flow diagram

The search strategy was designed to combine body composition, Crohn’s disease and
treatments. EPPI-Reviewer 4 (EPPI-Centre, University of London, UK) was used to collate
and categorise studies. The included studies were all subject to peer review – either by
publication in peer-reviewed journals, or by selection for conference presentation. Adult and
paediatric studies were included. Inclusion criteria comprised: primary study group were
individuals with Crohn’s disease, and experimental methods made use of body composition,
weight or anthropometric measures. There was no restriction based on study type.
Thematic division was made according to the primary findings of the study, into the following
subjects: a) treatment effects on body composition; b) treatment effects on bone mineral density
(BMD); c) treatment effects on growth; d) body composition effects on drug dosing; and e) body
composition effects on outcomes. Papers best-matched to a sixth category, disease effects on
body composition, were identified and are listed in a selected bibliography (Table 6). This group
was not analysed in further detail, as a recent systematic review of the literature has been
published1.
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Results
Treatment effects on body composition
Nineteen studies (Table 1) reported the effect of Crohn’s disease treatment on body
composition parameters. Of these, 14 were prospective cohort studies (n=1851), one a
retrospective cohort study (n=20), one was a meta-analysis (n=1442), one, a cross-sectional
survey (n=558 Crohn’s disease) and two were randomised control trials (n=34).
The meta-analysis examined the association between body mass index and inflammatory bowel
disease42, including 897 Crohn’s disease patients, and found that BMI was lower than 1202
matched controls and that the mean BMI was lower in papers where no therapy was given for
Crohn’s disease, although this was not statistically significant.

Enteral nutrition
Exclusive enteral nutrition is recognised as appropriate first-line treatment for moderately
active Crohn’s disease in children43. A paediatric prospective cohort study44 found that resting
energy expenditure measured by indirect calorimetry was not reduced per unit mass in Crohn’s
disease patients compared to controls, despite reduced body weight and reduced lean tissue
(body composition was measured by anthropometry, bioelectrical impedance analysis, total
body potassium, H218O, and bromide space studies). Enteral nutrition caused an increase in all
body composition compartments and an increase in resting energy expenditure. There was
greater height and lean body mass increase in enteral nutrition-treated patients compared to
prednisolone treatment. Two other studies in this group reported outcomes in paediatric
patients. One was a randomised control trial of two formulations of peptide-based exclusive
enteral nutrition in 14 children with Crohn’s disease45; weight, fat-free mass and skinfold
thickness increased during enteral feeding, with Crohn’s disease activity reducing.
Although considered adjunctive therapy in adults46, an adult prospective cohort study involving
61 patients47 reported increased skeletal muscle mass, protein mass and reduced resting energy
expenditure in patients who achieved remission by the use of exclusive enteral nutrition.
However, the body composition techniques were not specified in the methods section of this
article, and the statistical conclusions have been criticised as invalid48 in a letter to the editor,
which highlighted inappropriate statistical tests and inconsistent results. No rebuttal or
corrigendum appears to have been published.
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Another study examining exclusive enteral nutrition in an adult cohort (n=30) of Crohn’s
disease patients49 found that the patient group had a mean weight of 11.3kg below that of an
age- and sex-matched control group. In vivo neutron activation analysis, DXA, bioelectrical
impedance analysis and total body potassium were used to assess body composition
compartments. After 3 weeks of exclusive enteral nutrition, weight increased by a mean of
1.9kg, with an equal increase in body protein and fat. A small (n=20) randomised control trial
comparing two weeks of oral elemental nutrition to high-dose corticosteroids in adults with
active Crohn’s disease50 found that diet improved disease activity and increased body weight.
Corticosteroids were associated with an increase in fat-free mass (measured by bioelectrical
impedance).

Corticosteroids
The other paediatric study to report treatment effects on body composition (n=31) examined
changes in intravenous amino acid kinetics over a two-week period of corticosteroid use in
newly-diagnosed Crohn’s disease51. The rates of appearance of phenylalanine (32%) and
leucine (26%) increased significantly, reflecting increased protein breakdown, and the rate of
appearance of urea also increased significantly (273%), reflecting increased protein loss.
We conducted a survey targeted to members of a national inflammatory bowel disease patient
support group. This found a self-reported prevalence of overweight or obesity of 39%52, with
patients who reported taking more than 10 courses of corticosteroids more likely to be
overweight or obese. Conversely, a 2-year repeated-measures study of bisphosphonate use
presented in abstract53 found corticosteroid use was associated with lower body fat and lower
BMI, using DXA to determine body composition and bone mineral density. Despite the
prevalence of corticosteroid use in Crohn’s disease, our search strategy did not identify any
other studies where corticosteroid use was examined as a covariate of body composition.

Anti-TNF drugs
The first three months of anti-TNF therapy for refractory Crohn’s disease was associated with
an increase in BMI and muscle parameters measured by bioelectrical impedance analysis in a
prospective cohort study of 33 Crohn’s disease and 7 ulcerative colitis patients54. No changes
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in measures of fat mass were noted, and no difference between the effect of infliximab or
adalimumab was discernible. A repeated-measures cohort study55 involving 20 Crohn’s disease
patients assessed visceral adipose tissue used CT enterography images prior to commencement
of infliximab in comparison to images obtained a median of 447 days later. Disease activity was
scored on the images and cross-sectional area of muscle and fat compartments was measured.
Subjects were divided into responders (n=10), partial responders (n=4) and non-responders
(n=6). Some of the smaller fat compartments showed a difference in change over time, but
these findings must be interpreted with caution as sample size was small, confidence intervals
were wide, and insufficient detail was given regarding the statistical methods in this poster
abstract. Another poster abstract described bioelectrical impedance analysis in 8 patients
receiving infliximab induction56; a primary response in disease activity was seen in seven of
eight patients and there was a trend towards increased fat-free mass at week 6, with an increase
in phase angle, which is generally considered a marker of cell mass and nutritional status57.
A four-week trial of infliximab induction in 20 Crohn’s disease patients was associated with
weight gain without alteration in body composition by bioelectrical impedance58. An increase
in serum leptin and serum cholesterol was independent of weight gain, and was felt to have
been related to downregulated inflammatory mediators. In a larger (n=132) set of prospective
cohort studies59, total abdominal fat area (measured by MRI) increased by 18% in one set of
21 patients 8 weeks after infliximab induction, with a predominant increase in visceral adipose
tissue (27% increase), which was independent of BMI or steroid use. Infliximab maintenance
therapy was associated with reduced fasting glycaemia and HbA1c, in both patients treated
with steroids at baseline and those who were not. Total cholesterol and HDL cholesterol
increased in the first 3 months of treatment and remained stable thereafter.
Over a 60-week period, 50 patients with Crohn’s disease commencing infliximab experienced
an increase in body mass index60, with a greater increase in patients who achieved a clinical
remission. Being underweight and the presence of small bowel disease were factors predicting
increased weight gain after infliximab. Similarly, a prospective cohort of 30 infliximab-treated
Crohn’s disease patients61 found that nutritional risk index correlated with Crohn’s disease
severity. Clinical response to infliximab was associated with weight gain – undernutrition, and
achieving clinical remission, were again identified as factors predicting greater weight gain.
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Commencement of infliximab was found to reverse skeletal muscle wasting in 23 Crohn’s
disease patients in a prospective study62 utilising quadriceps MRI and dynamometry to
demonstrate increased muscle volume and strength after 25 weeks.
Functional hepatic nitrogen clearance was a technique used to demonstrate protein catabolism
associated with prednisolone use for 1 week (functional hepatic nitrogen clearance increased
by 50%, P = 0.03) in an observational study of 37 patients with active inflammatory bowel
disease63, with the opposite effect seen in patients treated with infliximab (reduced by 15%, P
= 0.09).
Treatment effects on bone mineral density
Twenty-one trials (n=1077) were identified (Table 2) as examining the effect of medication or
vitamin supplementation on bone mineral density (BMD) in Crohn’s disease patients. Most
studies were retrospective cohort analyses examining short-term changes in BMD associated
with corticosteroid use, with heterogeneous results.
Three randomised control trials were identified. One of these examined fluoride
supplementation in inflammatory bowel disease patients with low BMD (lumbar t-score below
-2)64. The control arm of the study was placebo; all subjects received vitamin D and calcium
supplements. Lumbar spine bone density increased significantly in both groups; the effect of
fluoride was not significant. Another randomised control trial examined 12 weeks of different
regimens of intravenous methylprednisolone in 19 inflammatory bowel disease patients65; the
steroid dose was tapered each week and administered either each day, or in 1-3 doses each
week to provide the equivalent weekly dose. Daily dosing was associated with a reduction in
total body bone mineral density, with a trend towards increased fat mass compared to bolus
dosing. The other randomised placebo-control trial examined the efficacy and safety of
intranasal calcitonin in childhood inflammatory bowel disease (n=63)66.In participants with
Crohn’s disease, the spinal BMD z-score improved between screening and 9 months compared
to a negative change in the placebo group, however, this advantage did not persist to the
conclusion of the study at 18 months.
Six studies reported bone density outcomes in patients receiving anti-TNF therapy. Peripheral
quantitative computed tomography (pQCT) was used to measure BMD in a paediatric cohort
of 19 subjects67 at baseline and after 6 months of therapy. Despite improved disease activity,
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pubertal progression and corticosteroid reduction, no change in muscle or BMD z-scores was
seen. A cross-sectional study of 83 Crohn’s disease patients68 found that those on infliximab
had lower BMD; this was ascribed to more severe disease. Higher cumulative corticosteroid
exposure was also associated with lower BMD. In a paediatric study of 78 Crohn’s disease
patients69, pQCT showed prevalent osteopenia and myopenia; bone and muscle volumes
increased after diagnosis and commencement of treatment. Although a small number of
patients received anti-TNF drugs, no analysis of this subgroup was undertaken. Corticosteroid
use was associated with an increase in cortical volumetric bone mineral density; this was in
conjunction with reduced disease activity. In 45 adult Crohn’s disease patients commencing
infliximab therapy70, increased BMD was noted after approximately two years , independent
of weight change. Two paediatric studies from the same institution monitored outcomes of antiTNF therapy, with DXA one year prior to therapy and one year after commencement.
Infliximab was associated with increased weight gain, a majority achieving catch-up growth
and stable BMD71. Similar findings were noted in a group of 18 patients treated with
adalimumab72.
Medical management of Crohn’s disease, including vitamin D and calcium supplementation,
was associated with a slight increase in BMD over a median time of approximately 4 years in
a cohort of 84 patients73. Risk factors for low BMD were age, male sex, increasing age at
diagnosis and low BMI.
There were mixed results regarding the effect of corticosteroid use on BMD. An association
with short stature but not low BMD was found, with a correlation between disease activity and
height z-score approaching statistical significance in a cohort of 104 children and young adults
with Crohn’s disease74. A smaller paediatric cross-sectional study75 (n=32) found that children
with Crohn’s disease who had received steroids had significantly reduced BMD compared with
those who had not and compared to healthy controls. No correlation was found between
magnitude of steroid usage and reduction of bone mineral content. A cross-sectional study of
75 Crohn’s disease patients76, using a definition of osteoporosis as being 2 standard deviations
below an age- and sex-matched mean, found a prevalence of osteoporosis of 30.6%, with higher
mean lifetime steroid exposure in that group. A similar proportion of patients meeting the
WHO definition of osteoporosis77 (30%) was found in a cross-sectional analysis of 91 Crohn’s
disease patients78; those with osteoporosis had higher corticosteroid use, lower BMI, longer
duration of disease and more bowel resections. Linear regression analysis identified only BMI
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and bowel resection history as significant risk factors. In a retrospective cohort study of 29
patients from the same centre79, baseline BMD was low (z-scores spine -1.6, femur -1.4) but no
significant change in BMD was noted over a mean time of 41 months, despite the use of
corticosteroids in 93% of patients during the interval. BMI increased and ESR reduced during
the study period, and 9 patients used bisphosphonates, 20 calcium supplementation and 11
vitamin D.
A prospective cohort study80 found that mean BMD was lower in Crohn’s disease patients than
in ulcerative colitis or healthy control. A correlation was found between BMD and BMI, and
an inverse correlation with lifetime steroid dose. 30 Crohn’s disease patients had repeated
measures of BMD at a mean interval of 21 months. There was no change in BMD, regardless
of steroid use; in patients with ulcerative colitis, however, a reduction in BMD associated with
steroid use was observed. In a paediatric prospective cohort study involving 17 Crohn’s disease
patients and 30 with ulcerative colitis81, bone mineral density and bone mineral content did
not improve in a majority over a 5-year interval, despite good disease control. Low lumbar
spine BMD was associated with completed pubertal development, low body weight, and greater
lifetime cumulative weight-adjusted prednisolone dose. Another paediatric prospective cohort
study82 found that mean BMD was lower in 58 Crohn’s disease patients than those with
ulcerative colitis or healthy controls, and osteopenia was associated with low BMI and higher
serum interleukin-6. Prednisolone use did not correlate with low BMD. Clinical improvement
was associated with bone mineral content gain, but this did not normalise.
A cross-sectional paediatric analysis of 90 inflammatory bowel disease patients83 found a 20%
rate of significantly low BMD more than 2 standard deviations below age- and sex-matched
mean) in males and 8% in females. A similar proportion of osteoporosis was noted in steroidnaïve and steroid-treated patients. A prospective cohort of 24 paediatric Crohn’s disease
patients were followed for 12 months with regular measurements of bone density using
quantitative ultrasound84: one-third of patients were in remission, one-third had active disease,
and one-third were in remission and treated with oxandrolone. Most of those with active disease
were treated with prednisolone. There was no significant change in measurement expressed as
z-scores in patients in remission, but those with active disease experienced bone density loss
and those on oxandrolone some gain.
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In 15 adult patients receiving corticosteroids for active disease, significant bone mineral density
loss was noted at the femoral neck after two months85. No change was noted over the same
period in patients with inactive Crohn’s disease recruited as controls; previous corticosteroid
use was not associated with baseline BMD, although weight, site of disease and dietary calcium
deficiency were associated with low BMD. It was unclear whether disease activity or
corticosteroid use was a cause of BMD loss in the study period: paucity of evidence of a causal
direction is reviewed in the discussion section.
Treatment effects on growth
Twenty-six studies (Table 3) were identified as investigating relationships between treatment
interventions and growth parameters. As expected, most of these studies were in paediatric
cohorts. One adult study86 examining correlations between growth hormone, androgens and
body composition, was included due to its prominent citation in the literature. This study,
however, was cross-sectional rather than interventional.
Twelve studies examined the effect of monoclonal antibodies to tumour necrosis factor alpha
(anti-TNF drugs) on growth; 4 were prospective, and 9 retrospective cohort studies. In these
studies, height, weight and body mass index (BMI) were generally expressed as z-scores, relative
to a population mean. The change in velocity of height and weight growth were analysed.
Several papers discussed the concept of “catch-up growth”87, whereby accelerated growth
toward a genetically-determined target occurs after treatment of a growth-inhibiting condition.
Eleven of the papers including data on anti-TNF effects reported significant catch-up growth
after treatment initiation, with growth velocity highest in subjects who experienced clinical
response or remission after treatment initiation88-93 and in those for whom corticosteroid
cessation was possible90,94. Corticosteroid use was also identified as a risk factor for impaired
growth in the only study not to demonstrate a statistically significant change in growth velocity
with anti TNF therapy95. In that study, a non-significant improvement in growth velocity was
found in patients treated for more than 1 year with infliximab compared with those treated for
less time. Increased growth velocity was reported as a secondary outcome in another paediatric
study of adalimumab in refractory Crohn’s disease96.
One retrospective cohort study examined testosterone supplementation in 8 boys with Crohn’s
disease and delayed growth and puberty97, finding that transdermal or parenteral
administration of testosterone was associated with improved growth, pubertal progression and
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virilisation at 6 months. Pubertal stage was found to be a determinant of growth velocity after
treatment93,94,97,98, with evidence of a bidirectional influence – Crohn’s disease is associated
with delayed puberty99.
Five prospective studies (either randomised controlled trials [RCT] or prospective cohort
studies) examined the use of recombinant human growth hormone (rhGH) in children with
Crohn’s disease100-104. Of these, one study reported negative findings100; in 8 older children
(mean age 17.2 years), rhGH was not associated with changes in markers of protein synthesis.
The other papers reported improvements in growth velocity, height and weight, with greater
effects seen after 12 months of therapy than after 6 months.
Body composition effects on drug dosing
Seventeen papers (Table 4) were identified as reporting the effects of body composition
parameters – either simple measures such as weight, height, BMI, or more technical analysis
of body composition compartments – on dosing of drugs used to treat Crohn’s disease. Of these,
four papers (n=475) reported relationships with adalimumab, six (n=585) related to
thiopurines, two (n=2237) to certolizumab, four studies (n=816) examined infliximab and one
study (n=2554) concerned vedolizumab. Outcome measures included serum drug or
metabolite levels and pharmacokinetics. The endpoints of clinical response and loss of response
are discussed in more detail in the section “Body composition effects on outcomes”.

Serum drug or metabolite levels
Thiopurine dosage in inflammatory bowel disease has conventionally been based on weight105.
The measurement of erythrocyte concentrations of thiopurine metabolites has been shown to
predict therapeutic efficacy and now provides a basis for dose individualisation46,106. A
questionnaire study of US gastroenterologists107 found a variety of practice regarding
thiopurine prescription and monitoring, with 46% of respondents using metabolite level testing,
and 76% reporting a maximal dose of 1.0-2.5 mg/kg azathioprine or (62%) 1.0-1.5 mg/kg
6MP.
In inflammatory bowel disease patients, leukopenia has been associated with erythrocyte 6thioguanine nucleotide (6TGN) levels >400108, whereas clinical response has been associated
with 6TGN levels between 230 and 400. We analysed a single-centre cohort of adult patients109,
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and found no correlation between 6TGN levels and weight, BMI or any body composition
parameter measured by DXA and CT. Potentially hepatotoxic 6 methylmercaptopurine
(6MMP) levels did, however, correlate with azathioprine dose, thiopurine dose/kg body weight,
thiopurine dose/kg of fat-free mass, thiopurine dose/body surface area and thiopurine
dose/BMI. A larger cross-sectional study110 also did not demonstrate any significant association
between weight-based thiopurine dosing and 6TGN. Instead, a negative correlation was
identified between BMI and 6TGN, as well as between calculated body fat index (using age,
BMI and sex) and 6TGN. Similar data had been presented by the same authors as a conference
abstract111. A higher degree of correlation was seen between dose of azathioprine/kg body
weight and 6MMP levels than 6TGN levels in a paediatric cohort112, although both metabolites
showed a statistically significant relationship with drug dose/weight.
One study113, presented in abstract, reported that the difference between serum adalimumab
levels at weeks 6 and 12 was modest negatively correlated with body surface area (BSA), fat free
mass index and skeletal muscle index measured by bioelectrical impedance analysis. This
finding suggests muscle mass may play a role in adalimumab pharmacokinetics. No difference
was seen with fat parameters nor fluid compartments. Adalimumab levels were found to be
relatively stable on an individual basis, but exhibited substantial inter-patient differences in a
retrospective cohort pharmacokinetic study114, which found that baseline BMI inversely
correlated with serum adalimumab concentrations at week 28 of standard induction and
maintenance dosing. Similarly, in a phase 3 trial of certolizumab in Crohn’s disease115, an
inverse correlation was observed between baseline body weight and certolizumab trough levels
after a loading dose116; higher plasma concentrations correlated with endoscopic response.
Lower body weight was associated with lower trough infliximab levels in a paediatric
prospective cohort study which utilised standard weight-based dosing117.

Pharmacokinetics
The first study to describe the pharmacokinetics of infliximab in inflammatory bowel disease
with a compartment model118 identified two factors, weight and sex, as contributing to a twocompartment model by altering central volume of distribution. The authors attributed these
influences to variations in plasma volume. A larger pharmacokinetic study of infliximab in
Crohn’s disease119 found that body weight had a non-linear effect on infliximab clearance, with
decreased infliximab trough levels for low body weight patients; a 40 kg patient may be
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expected to have 80% of the reference (70kg) patient exposure and a 90kg patient 110%. This
finding implied that low body weight patients may be at risk of loss of response due to drug
clearance at fixed weight-based doses, and corroborates the findings of Hämäläinen117. The
largest pharmacokinetics study of infliximab in Crohn’s disease used data from 692 patients in
phase 3 studies120, and found that weight was a significant covariate, despite weight-based
dosing. This suggested an inadequate correction of body size by per-kilogram dosing. The
volume of distribution/kg decreased with increasing total body weight: under-dosing of low
weight individuals may be partly due to this phenomenon.
A meta-analysis of certolizumab pharmacokinetic data from 9 studies carried out in 2157
Crohn’s disease patients121 found that BSA as a covariate contributed more to a
pharmacokinetic model than did weight or BMI, by affecting apparent clearance and apparent
volume of distribution in a linear fashion; no effect was seen on absorption. The authors
commented that “any measure of body size could probably be used”.
A correlation was also found between vedolizumab linear clearance and body weight in a metaanalysis including 2554 subjects122; the authors commented that measures of body size were
the most commonly identified covariates influencing the pharmacokinetics of therapeutic
monoclonal antibodies.
Ustekinumab is a monoclonal antibody to the shared interleukin (IL)-12 and IL-23 p40 subunit.
One recent phase 3 RCT123 of ustekinumab in Crohn’s disease has reported on
pharmacokinetics and immunogenicity; this study was not identified by the search string due
to its publication date, but has been included in this analysis as it is the only study reporting
pharmacokinetics of ustekinumab in Crohn’s disease. Serum levels of ustekinumab 8 weeks
after intravenous infusion were approximately three times higher in patients who had received
a 6mg/kg intravenous dose compared to those who had received a fixed dose of 130 mg. Studies
in psoriasis – an indication with greater clinical experience than Crohn’s disease – found that
ustekinumab concentrations were lower with increasing weight at both doses of 45 mg and 90
mg124. Higher serum levels were associated with better clinical efficacy in both psoriasis and
Crohn’s disease123,124.
In a paediatric randomised control trial of adalimumab, patients were dosed by weight, with
the standard adult dose (160 mg week 0, 80 mg week 2, 40 mg every other week) for weight
≥40 kg, and half the dose for weight < 40kg. Some patients were randomised after induction
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to a ‘low dose’ maintenance arm in which half the dose of adalimumab was given. Higher
baseline body weights were associated with greater adalimumab clearance; median clearance
was approximately 50% higher in the fourth quartile (>54 kg) compared with the first quartile
(<34 kg)125.
Body composition effects on outcomes
Twenty-four studies (Table 5) examined the role of body composition in determining clinical
outcomes. Two were randomised trials126,127. Body composition analysis varied, and the
outcome data were heterogeneous. Four studies (n=485) examined body composition as a
predictor of post-surgical outcomes, eighteen (n=3104) assessed response to therapy. Anti-TNF
drugs, thiopurines, corticosteroids and ustekinumab were the drug treatments used.

Response and loss of response to drug treatment
The largest study, a retrospective cohort of 1176 (818 Crohn’s disease), examined responses to
azathioprine based on body mass index128. No mention was made in that paper of the doses of
azathioprine used, nor of thiopurine metabolite testing. The findings, that Crohn’s disease
patients with a BMI >25 kg/m2 and treated with azathioprine for less than 3 years experienced
fewer flares of disease in the year after discontinuation of azathioprine, were reported in the
abstract as showing that: “azathioprine responsiveness depends on body mass index (BMI). The
relationship is reciprocal in UC and CD, with a better outcome in UC patients with a BMI<25
and in CD patients with a BMI>25”. In fact, no difference in responsiveness to azathioprine
commencement was shown between BMI categories in Crohn’s disease, as the mean flare rate
reduced to zero in both groups (P = 0.676).
A retrospective cohort study of weight-based dosing of azathioprine in children129 found that
3mg/kg/D was safe, well-tolerated and effective, with 72% maintaining or increasing their
dose. 16% of subjects in the cohort stopped therapy due to clinically significant adverse events,
the majority being bone marrow toxicity. Drug metabolites were not tested. An early
randomised trial of 1.0 mg/kg vs. 2.5 mg/kg in adult patients found a 15% incidence of
leukopenia at higher dose; only 3.7% of the low dose arm experienced leukopenia130; in neither
arm did efficacy measures meet statistical significance127. A study of adult patients receiving
initial weight-based doing of thiopurines (2.0-2.5 mg/kg azathioprine or 1.0-1.5 mg/kg 6MP),
followed by metabolite level testing, identified lower BMI (<18 kg/m2) by multivariate analysis
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as being associated with higher risk of treatment discontinuation131. Low-dose azathioprine
(<1.0 mg/kg) has been reported as equally efficacious as 1.0-2.0 mg/kg in a Chinese
population132. The paper posited that ethnicity may be a factor in thiopurine efficacy and
toxicity and found that heavier body weight was a factor associated with long-term remission
on low dose azathioprine.
Higher BMI was shown to increase the hazard of loss of response for (fixed dose) adalimumabtreated patients in a retrospective cohort study133, although no significant effect was observed
with patients treated with infliximab (dosage of which was weight-based).
In a small prospective cohort study, high BMI and high fat mass (measured by DXA) were
associated with reduced response to infliximab134. In that study, BMI and FM correlated with
post-infusion infliximab levels, which led the authors to comment that infliximab does not
appear to distribute in the adipose tissue. Obese infliximab-treated patients in a retrospective
analysis135 were three times likelier to have a flare of Crohn’s disease than non-obese patients
in a retrospective study, with elevated risk correlating with BMI in a linear fashion.
In a paediatric cohort of Crohn’s disease patients136, (n=12) low BMI z-score was associated
with a need for infliximab dose escalation. The authors postulated that low body mass index
may identify patients who would benefit from a higher infliximab starting dose.
Our own retrospective analysis of a cohort of 68 inflammatory bowel disease patients137, using
the same CT-based techniques as Ding et al. to quantify muscle and fat tissue areas at L3, found
that those with less skeletal muscle (than the gender-specific median) were at significant risk of
earlier loss of response to anti-TNF drugs.
Data presented in abstract by Ding et al.138 regarding response to anti-TNF drugs in a cohort
of 106 Crohn’s disease patients demonstrated that patients in the lowest quartile for (pretreatment) CT-assessed skeletal muscle area at L3 were likelier to have primary non-response
to treatment. In a smaller study (n=49) from the same cohort139, visceral adiposity and low
muscle radiodensity (myosteatosis) were identified as risk factors for primary non-response and
loss of response, respectively. It may be the case that the significance of these factors became
less as the sample size increased.
Ustekinumab showed efficacy in refractory Crohn’s disease in a phase 2 RCT at a dose of
6mg/kg with the endpoints being clinical response or remission measured by Crohn’s Disease
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Activity Index (CDAI)126. This dosing schedule was different to that used in psoriasis trials,
where fixed-dosing (45 mg if weight <100 kg, 90 mg if weight >100 kg) was used124.

Obesity and visceral adiposity
A prospective, case-control study of 100 Crohn’s disease patients140 found that the prevalence
of obesity was 17% among patients and 12% among age, socioeconomic class and sex-matched
controls (difference non-significant [n.s.]). BMI >25 kg/m2 was present in 40% of patients and
52% of controls (n.s.). Risk factors for increased BMI in Crohn’s disease patients identified by
regression analysis included age, sedentary lifestyle, lower CDAI and lower white cell count.
C-reactive protein and BMI were positively correlated.
A small, prospective cohort study141 (n = 31, all women) examined the role of visceral adipose
tissue in Crohn’s disease. MRI analysis, validated by abdominal ultrasound, was used to
calculate visceral adipose tissue volumes, with air displacement plethysmography performed to
determine total body fat mass and lean body mass. A history of disease and treatment for the
preceding five years was recorded, and 6 months of follow-up incorporated indices of disease
activity, complications, changes in medications and measurement of cytokines. 19 control
subjects were included, matched by age and BMI. The Crohn’s disease patients had
significantly more visceral adipose tissue than controls (mean 1885 mL vs. 717 mL, P = 0.015),
with patients in long-term remission having lower volumes of visceral adipose tissue, and
slightly higher values of visceral adipose tissue for patients with “complicated” (penetrating or
stricturing) Crohn’s disease. The ratio of visceral adipose tissue to fat mass was not affected by
cumulative prednisolone dose nor anti-TNF therapy, but higher ratios were associated with
increased disease activity in the 6 months after study inception. A paediatric cohort study of
101 Crohn’s disease patients with CT analysis of visceral adipose tissue volume142 found that
Crohn’s disease patients had more visceral adipose tissue than controls, with higher visceral
adipose tissue volume associated with penetrating or stricturing disease (odds ratio [OR] 1.7),
hospitalisation in the first year of diagnosis (OR 1.9), more severe disease (OR 1.8), surgery
(OR 1.4) and earlier surgery (OR 1.4).
A pilot cross-sectional study of 27 Crohn’s disease patients, which did include BIA and
anthropometric measures of body composition, found that more than half were overweight or
obese, and that increased BMI was associated with increased abdominal pain and reduced
wellbeing143. The prevalence of obesity was markedly different in a large retrospective cohort
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study144, which reviewed the records of 2065 patients and found only 3% were obese; with
obese patients older at initial diagnosis and more prone to penetrating disease, perianal
complications, hospitalisation and disease activity. Similarly, another retrospective cohort study
including 48 obese Crohn’s disease patients145 found that later age at diagnosis and earlier time
to first surgery were associated with obesity.
In a cross-sectional study of Crohn’s disease (n=23, with 6 controls) paediatric patients, an
association was made between severe Crohn’s disease and increased visceral adipose tissue
measured by MRI, despite lower BMI146.

Outcomes after surgery
Body composition as a predictor of outcomes after surgery for Crohn’s disease was the subject
of three retrospective cohort studies: two used CT scans performed before surgery to determine
body composition parameters, and one used bioelectrical impedance analysis. The specified
endpoint for the larger study, comprising 269 patients147, was infective complications within 30
days after surgery. Among other variables such as haemoglobin and albumin levels (which may
be markers of disease severity), surgical urgency and high-dose prednisolone use, a higher ratio
of subcutaneous to visceral fat was a predictor of postoperative infective complications.
Conversely, the other CT-based study (n=72)148 – using similar methodology to examine
different postoperative outcomes – found that endoscopic recurrence at 6 months after surgery
was associated with a lower ratio of subcutaneous fat to visceral adipose tissue.
A prospective cohort study of 138 adults which utilised bioelectrical impedance for body
composition analysis in patients requiring intestinal resection for Crohn’s disease149, found that
skeletal muscle percentage, BMI and body fat percentage increased after a median duration of
26 days of preoperative medical and nutritional management. Multivariate regression analysis
with the endpoint of postoperative complications revealed preoperative skeletal muscle
percentage as the only significant independent protective factor of those tested, with a threshold
of 24.3% identified by ROC curve. A paper from the same group150 found a 61.4% prevalence
of sarcopenia among 114 patients. Patients with sarcopenia had a lower body mass index, lower
preoperative levels of serum albumin, and more major complications (15.7% vs 2.3%, P = .027)
compared with patients without sarcopenia. Preoperative enteral nutrition and preoperative
serum albumin level >35 g/L were protective factors in multivariate analyses.
26

Chapter 2: The role of body composition in the treatment of Crohn’s Disease: A systematic review

A small case-control study151 examined the results of bariatric surgery in morbidly obese
patients with active Crohn’s disease receiving concomitant or deferred surgical treatment for
Crohn’s disease. Postoperative weight reduction was similar to 95 control patients, and most
patients were able to reduce immunosuppression after surgery. Concomitant ileocolic resection
was not associated with increased complications.
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Discussion
Methods of body composition analysis
This systematic review found a variety of techniques were used for body composition analysis.
Weight and height were the most-reported data and the basis for many of the repeatedmeasures studies. However, there are significant limitations to these measurements, as body
composition of patients with Crohn’s disease may differ substantially from that of weight- and
height-matched healthy controls, with a poor correlation between BMI and lean mass observed
even in clinical remission1.
Most longitudinal studies using other methods were short-term. DXA was the commonest
technology for longitudinal measures, largely in the context of monitoring bone mineral
density. DXA is accessible and accurate152, and provides reproducible regional assessments of
lean tissue mass, bone mineral density and fat mass. Regular DXA scanning is recommended
for inflammatory bowel disease patients153, but prevalence of screening is low: only 1 in 5
patients had been screened in a large cohort154. Its use as a measure of body composition was
less common in this review. Bioelectrical impedance is a widely-available technology that was
reported by several studies; its ease-of-use, speed and inexpensiveness make it an accessible
form of body composition analysis, although results are calculated based on population data
and applicability in disease states is not certain155. Systemic errors have been identified in
malnourished Crohn’s disease patients156.
In a small number of studies, cross-sectional imaging provided more information regarding
anatomical compartments such visceral adipose tissue, as well as extrapolated values for whole
body composition. Techniques which have little place in clinical practice, such as protein
kinetics, in vivo neutron activation analysis, bromide space studies and total body potassium
measurement were reported in only a handful of short-term studies, but provide useful
information regarding dynamic short-term responses to treatments for Crohn’s disease.
Technologies for performing body composition analysis continue to develop, with different
methods more suited to reporting certain variables. Our own comparison of cross-sectional
image analysis with DXA for Crohn’s disease patients28 validates measurement of fat mass and
fat-free mass, as well as visceral, subcutaneous and intramuscular adipose tissue areas, using
previous abdominal imaging. This unlocks a body of existing data, as CT or MRI scans are
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frequently performed in Crohn’s disease patients; approximately three-quarters of patient in
one inception cohort study157. However, this technique requires significant operator input, and
therefore is not accessible to clinicians and researchers without suitable software and training.
Automated algorithms have been developed to accurately quantify adipose tissue areas and
volumes158,159, but these do not yet have a place in clinical practice.
Other methods for determining fat mass and fat-free mass have more mature reporting
standards – bioelectrical impedance analysis, DXA and air displacement plethysmography
among them. Quantification of anatomical compartments of adipose tissue, particularly
visceral adipose tissue and subcutaneous adipose tissue, has not been possible with these latter
modalities due to technical limitations. Recently, though, algorithms160,161 and new proprietary
applications162,163 have been developed which allow estimation of visceral adipose tissue volume
from DXA. There are no publications regarding the use of these technologies in patients with
Crohn’s disease, and adipose tissue compartment measurements in this review were obtained
by cross-sectional or volumetric analysis of CT or MRI images, which remain the standard
methods158.
Effects of visceral adiposity and obesity
Obesity, particularly in association with increased waist circumference, is increasingly prevalent
in most societies164. Abdominal obesity is associated with a low-grade inflammatory state and
increased macrophage infiltration of mesenteric adipose tissue165, with systemic insulin
resistance and a pro-inflammatory profile of systemic cytokine release166,167. In the obese state,
visceral adipose tissue is infiltrated by inflammatory cells; adipose tissue macrophages can
account for as much as 40 per cent of the cellular mass of obese visceral adipose tissue165.
The prevalence of obesity among Crohn’s disease patients varied significantly between studies
in this review, from 3%-17%140,144, with some risk factors identified: number of courses of
corticosteroids, age, sedentary lifestyle, lower disease activity. In other cohorts168,169, not
included in this review, obesity was found in 18-30%. Among respondents to our questionnaire
to members of a national patient support group52, the self-reported prevalence of obesity in
Crohn’s disease patients was 13% (unpublished data), and the mean body mass index of 24.7
kg/m2 was lower than the Australian population mean of 27.9 kg/m2 for men and 27.2 kg/m2
for women. This variance is likely to represent a significant difference. Although there is a small
systemic bias for underestimation when self-reporting body mass index, in large studies170 the
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difference between measured and self-reported BMI has been shown to be only approximately
0.57 kg/m2.
Whether obesity is a predisposing factor to inflammatory diseases, including Crohn’s disease,
is unclear. Large, population-based prospective cohort and nested case-control studies have not
shown a consistent association between premorbid obesity and the risk of developing Crohn’s
disease171, although obesity at age 18 and magnitude of weight gain from the age of 18 were
identified as risk factors in the Nurses’ Health Study II172. Small numbers of incident diagnoses
(9 in the obese group) do mean that results must be interpreted cautiously, but the multivariateadjusted hazard ratio of 2.33 (95% CI 1.15-4.69) with a comparator group of women with BMI
20-24.9 kg/m2 at age 18 was significant. In the same cohort, there was no significant association
between obesity and increased risk of developing ulcerative colitis. The role of diet in this
complex interaction is obscure: obesity, rather than being an initiating factor, may be a
manifestation of a high fat or high refined sugar diet – both of which have been identified as
risk factors in the development of Crohn’s disease173.
Obesity was associated with earlier loss of response to infliximab135, earlier surgery142,144,145 and
later age at diagnosis144,145.
This review identified that visceral adiposity was associated with penetrating or stricturing
Crohn’s disease and increased disease activity141,142, primary non-response to infliximab139,
postoperative complications174 and severe disease in children142,146.
In Crohn’s disease, mesenteric “fat wrapping” of the intestine was recognised as disease-specific
by Burril B Crohn9, and correlates with transmural inflammation10. Mesenteric fat in Crohn’s
disease is infiltrated with immune cells and pre-adipocytes expressing nuclear oligomerisation
domains 1 and 2, having the potential to transdifferentiate into macrophages175, and adipocytes
able to function as macrophage-like cells by expressing toll-like receptors and inflammatory
mediators. This ability may be beneficial against bacterial invasion, but may also contribute to
abnormal intestinal inflammation. Visceral adipose tissue in Crohn’s disease is hyperplastic
rather than hypertrophic in areas of inflammation176, and has a different profile of
adipocytokine expression than in healthy controls: surgical resection specimens showed
overexpression of tumour necrosis factor alpha (TNF-α), leptin, adiponectin, resistin and
macrophage migration inhibitory factor (MIF) by mesenteric adipocytes177. Patients with
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Crohn’s disease are known to have a higher ratio of intra-abdominal to total abdominal fat59,
and visceral adipose tissue is the main source of serum TNF-α178, and a source of C-reactive
protein179, in Crohn’s disease. These changes may lead to altered drug kinetics and metabolism:
as visceral adipocytes produce TNF-α in Crohn’s disease180, larger visceral adipose tissue
volume may be associated with more rapid clearance of anti-TNF drugs. Studies correlating
visceral adipose tissue area and anti-TNF drug levels are lacking.
Low skeletal muscle mass
Loss of skeletal muscle in response to inflammatory diseases involves many mediators which
cause hypermetabolism and muscle catabolism181. The cytokines TNF-alpha, IL-6 and IL-1
beta are among those most often implicated36, and have been identified as targets of treatment
in Crohn’s disease. Protein-energy malnutrition, due to anorexia, dietary restriction and
malabsorption, is prevalent in Crohn’s disease182-185 and contributes significantly to low skeletal
muscle mass186.
In other disease states, the prognostic implications of low muscle mass have been explored. Loss
of muscle mass may be classified in several ways, with cachexia and sarcopenia the most
common descriptors. These terms have generally accepted specific definitions, and some papers
identified in this search have instead used the less strictly-defined term ‘myopenia’ to refer to
low muscle mass.
Cachexia is defined by an international consensus working group as “a complex metabolic
syndrome associated with underlying illness and characterized by loss of muscle with or without
loss of fat mass”187. The Cachexia Consensus Working Group diagnostic criteria are oedemafree weight loss of at least 5% within 12 months in adults (or growth failure in children) in the
presence of underlying illness, plus three of: a) decreased muscle strength (lowest tertile), b)
fatigue, c) anorexia, d) low fat-free mass index, e) abnormal biochemistry [elevated CRP or IL6; anaemia; low serum albumin]. BMI and nutritional assessment are insensitive measures for
detecting cachexia188.
Sarcopenia is defined as low muscle mass (more than two standard deviations below a sex- and
ethnicity-matched young adult mean), generally in conjunction with reduced muscle function,
which may be measured by a validated test such as hand grip strength, four-minute or sixminute walk test36. Sarcopenia has been used particularly to describe age-related muscle
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wasting37, but there is no consensus that the definition should be constrained to this context.
‘Myopenia’ has been suggested as a term to describe the presence of clinically relevant muscle
wasting due to any illness and at any age189, with precise cut-off values not defined.
This review found low muscle mass is prevalent among patients with Crohn’s
disease28,49,62,138,139,150,190,191, but few papers incorporated a strict definition of cachexia, or the
functional component of sarcopenia. Prognostic implications of low skeletal muscle mass
include higher risk of primary non-response139 or secondary loss of response137 to anti-TNF
drugs, and higher risk of postoperative complications149,150. Deficits in skeletal muscle appear
to be reversible, with response to Crohn’s disease therapy being associated with improvements
in muscle strength and function, particularly noted with anti-TNF drugs54,62,69.
Low bone mineral density
Low bone mineral density was uniformly reported amongst Crohn’s disease patients, with
disease activity, male hypogonadism, surgery and low body weight being the predominant risk
factors. The risk of vertebral fracture is increased in paediatric Crohn’s disease patients, even
those without corticosteroid exposure192. In the retrospective studies identified by this review,
corticosteroid use was associated with lower BMD, but this was not able to be dissociated from
disease activity. In short term studies, corticosteroid use was not consistently associated with
bone loss.
Growth and pubertal development
Exclusive enteral nutrition reduced disease activity and increased muscle mass in several
studies. Nutritional measures such as BMI50 in adults, and height and lean body mass in
children44 showed greater improvement with exclusive enteral nutrition than with
corticosteroids; however, clinical response to therapy was consistently identified as the most
significant predictor of increased growth velocity88,89,91-93,96,193. Permanent growth failure was
reported in up to 35% of paediatric subjects in the reviewed literature194, with Crohn’s disease
activity and corticosteroid use being identified as risk factors.
Despite the high prevalence of malnutrition and growth delay or failure reported in the studies
identified in this review, and the findings that exclusive enteral nutrition is an effective
treatment for inflammation and malnutrition in Crohn’s disease, a 2013 systematic review of
the literature found little evidence from interventional studies to support other specific dietary
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recommendations173. Published guidelines varied considerably, and were felt to be consensusbased rather than founded on evidence.
Corticosteroids and body composition
Little research has been published regarding the relationship between response to
corticosteroids in Crohn’s disease and body composition. In an case series from 1966195
describing the use of corticosteroids and corticotrophin in a cohort of largely post-operative
Crohn’s disease patients, a variety of prednisolone doses were used, with the authors
commenting that surgery was generally necessary and that there was little evidence for the use
of corticosteroids. The first randomised, double-blind placebo-controlled trial of corticosteroids
for ulcerative colitis was undertaken a decade prior196, but the first randomised trial in Crohn’s
disease was the National Cooperative Crohn’s Disease Study (1979)127, which used weightbased prednisolone dosing adjusted according to disease severity. This study was identified by
our primary search study, and is one of two placebo-controlled trials cited by a Cochrane
systematic review197 assessing corticosteroids for induction of remission in Crohn’s disease; the
other trial198 used weaning doses of prednisolone that were not weight-based. Reflecting the
lack of evidence regarding optimal corticosteroid dose choice in Crohn’s disease, a prospective,
randomised trial examining fixed dosing compared to weight-based dosing of prednisolone is
currently recruiting (Clinicaltrials.gov identifier: NCT02392286).
Anti-TNF drugs and body composition
The effects of commencing anti-TNF drugs on body composition were well-characterised:
rapid improvement in disease activity and reversal of cachexia were observed. The potentially
opposing effects of corticosteroids, reducing inflammatory activity but also negatively impacting
lean tissue mass and linear growth, were reflected by more heterogeneous findings. Reduced
bone mineral density is prevalent in Crohn’s disease; evidence that corticosteroids contribute
significantly to this is equivocal, and confounded by underlying disease activity, which appears
to be the largest determinant of low BMD.
The immunogenicity of monoclonal antibodies is an important factor in treatment failure199,
with weight-based dosing a contributor: a two-fold difference in anti-infliximab antibody
prevalence was observed between patients receiving 5 mg/kg and those receiving 10 mg/kg200.
Low serum trough drug levels have been demonstrated to be a risk factor for development of
anti-drug antibodies in both Crohn’s disease and inflammatory arthritis201. The studies
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identified in this review have shown altered pharmacokinetics with extremes of body
composition, with greater drug clearance, altered volume of distribution120, and lower serum
drug levels, in low body weight individuals 117,119when dosed by weight, as well as in very high
weight individuals.
Bhalme et al., in their paper regarding adalimumab pharmacokinetics133, postulated that two
mechanisms may be responsible for lower efficacy of adalimumab in obese individuals: one
related to the pharmacokinetic properties of such drugs in obese individuals and the other
related to excessive pro-inflammatory adipocytokine production that has been described in the
obese. TNF-a is found both in soluble and membrane-bound forms; localisation of the target
molecule in inflamed tissues – including visceral adipose tissue – may make rapid saturation
difficult at target serum concentrations202.
While prospective studies comparing efficacy of adalimumab to infliximab are lacking in
Crohn’s disease, such a trial may have implications for dose selection in subgroups such as the
overweight or underweight; particularly if powered appropriately and if drug level monitoring
were incorporated, due to the weight-based dosing of infliximab compared to the fixed dose of
adalimumab. Phase two studies of anti-TNF drugs in Crohn’s disease did not consider
differences in body composition in dose selection: for infliximab, a single dose of 5 mg/kg body
weight was not inferior to 10mg/kg and 20 mg/kg at inducing clinical response or remission,
improving quality of life and reducing CRP203, in 108 patients with a mean weight of
approximately 70 kg. For adalimumab, the CLASSIC-I study enrolled 299 slightly heavier
patients (mean weights 74-78 kg), with randomised groups of different induction doses; in this
study, the highest dose (160mg week 0, 80mg at week 2) was associated with best early
outcomes204. In neither study was body size subgroup analysis reported.
Thiopurines and body composition
Despite the central place of thiopurines in the treatment of Crohn’s disease, dose-response
studies have not been performed205. Weight-based dosing at 1.5 mg/kg for 6-mercaptopurine,
and 2.5 mg/kg for azathioprine, is recommended in guidelines29-31. Previous studies206,207 have
found clinical efficacy correlated with intracellular levels of 6-thioguanine nucleotides, which
were not associated with drug dose/kg in the studies identified by this review. Instead,
potentially hepatotoxic 6-methylmercaptopurine levels were associated with higher drug doses
and higher dose/kg of fat-free mass in our own research109 and in a paediatric patient group112,
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which may be a contributing factor to the higher rate of treatment discontinuation in
underweight patients observed in one study131.
New therapies
Vedolizumab targets circulating memory T cells, with almost complete binding to the a4b7
(“gut-homing”) integrin within hours of infusion. The duration of integrin binding varies
according to dose208, with complete recovery of free a4b7 by day 85 for patients given 0.5
mg/kg, and by day 180 for 2.0 mg/kg. It is licensed for administration as a fixed dose of 300
mg at 0, 2, and 6 weeks and 8-weekly thereafter. The pharmacokinetics paper identified by this
systematic review reported a drug half-life in a reference patient (70 kg, serum albumin 4.0
g/dL) of 25.5 days122, which is longer than anti-TNF antibodies. Linear clearance was found
to correlate with body weight, but this effect was not thought likely to have clinical significance
unless albumin or weight values were extreme.
Our search strategy was not designed to identify papers pertaining to drugs unavailable for
prescription in Crohn’s disease, including etrolizumab, JAK inhibitors, mongersen and
sphingosine phosphate receptor modulators, but separate literature searches have not
uncovered studies regarding interactions between body composition and these medications
beyond the pharmacokinetic studies included in the review.
Summary
While the division of the identified papers into subject areas was arbitrary, this approach led to
the distillation of several principal themes.

Major themes
•

Activity and severity of Crohn’s disease is associated with muscle and bone loss
o These changes are partially reversible with response to treatment
o Low skeletal muscle mass is associated with

•

§

treatment toxicity

§

lesser response to treatment

§

more frequent post-operative complications

Crohn’s disease activity is associated with increased visceral adiposity
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o Visceral adiposity is associated with worse post-operative outcomes
•

Body composition interacts with drug metabolism and efficacy
o No dose-finding studies using body composition

•

Response to therapy is less with anti-TNF drugs in the context of obesity; this may be
due to lower anti-TNF drug levels in obese (higher clearance), and those with very low
body weight (higher clearance), or to inflammatory factors specific to obesity

A schematic diagram of the themes identified by this review and their interplay is included
(Figure 2.2).

Figure 2.2 Schematic diagram of interactions between body composition and treatment for Crohn’s disease

Deficits in the literature and areas for further research
The need for prognostic indicators to guide therapy, avoiding ineffective treatment, medication
toxicity and excessive cost is increasing with the advent of new drugs and goals of treatment,
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and recent evidence-based consensus guidelines have called for development of a composite
predictive index29. Due to effects on drug metabolism and pharmacokinetics – and as a marker
of disease severity and phenotype – body composition may play an important part in the
development of such an index. Similar prognostic indices in cystic fibrosis, oncology and
diabetes have been developed from a burgeoning research and policy interest in ‘precision
medicine’: the integration of genomic, proteomic, phenotypic, environmental and patient
factors to understand the individual variation within disease states and appropriately target
diagnosis and therapy. Prospective trials involving body composition analysis would fulfil a
number of the stated aims of the US Precision Medicine Initiative (PMI)209, in particular:
•

Developing quantitative estimates of risk for a range of diseases by integrating environmental exposures, genetic factors, and
gene-environment interactions.

•

Identifying the determinants of safety and efficacy for commonly used therapeutics.

•

Discovering biomarkers that identify individuals with an increased risk of developing common diseases.

•

Using home and mobile health (mHealth) technologies to correlate body measurements and environmental exposures with
health outcomes.

•

Developing new disease classifications and relationships.

This review of the literature has identified an absence of studies using body composition as a
means of optimising drug choice and dosing, despite evidence that body composition affects
drug metabolism and efficacy.
Further prospective research is necessary in the sphere of Crohn’s disease and body
composition, particularly:
•

The role of body composition in metabolism of Crohn’s disease drug therapies
o There is an unmet need for pharmacokinetic studies incorporating
measurement of body composition compartments
o Clinical studies assessing response to therapy should incorporate body
composition analysis

•

Body composition and disease behaviour
o Further characterisation of the effector mechanisms of muscle and bone loss,
and the consequences these changes have on disease outcomes, may help to
define phenotypes of Crohn’s disease
o These studies may identify new molecular targets of treatment and may help to
appropriately direct the use of present therapies
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Conclusion
Crohn’s disease is associated with altered body composition as a consequence of inflammation
and malnutrition due to dietary restriction and malabsorption. There is bidirectional influence
of body composition and treatments for Crohn’s disease, with evidence that disease treatment
causes alterations in body composition and growth, and that body composition affects
pharmacokinetics, drug and metabolite levels and clinical efficacy. There is also evidence that
body composition predicts post-surgical outcomes.
There is not widespread, or guideline-based, utilisation of body composition measures in
clinical practice.
Incorporation of body composition analysis into therapeutic algorithms may improve the
efficacy of existing Crohn’s disease treatment strategies, and may allow tailoring of more
appropriate therapies in an era when an increasing number of drug classes are available.
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Table 1 Treatment effects on body composition
Author,

year,

Type of study

Adult

country
Azcue,
Canada

1997,

Prospective

Number of

Treatment group

patients

Paediatric

24 CD,

Prednisolone

19

enteral nutrition

cohort

44

or

paediatric

Controls

Duration of

Body composition technique

study
vs

Healthy

3 months

controls

Outcome

Results

measure
anthropometry,

BIA,

REE,

Body weight and ideal body weight were significantly lower in patients with

TBK, TBW, bromide

weight,

Crohn’s disease than in healthy controls. Lean tissue was depleted and there

anorexia

space studies, indirect

LTM,

was an increase in extracellular water. Per unit of lean body mass, there was

nervosa,

calorimetry

no divergence between REE in patients with Crohn’s disease and controls,

22

whereas patients with anorexia nervosa had significantly reduced REE. With

healthy

enteral nutrition, all body compartments and REE increased significantly

controls

(p<0.001). In a subgroup of age-matched men there was a significant increase
in height after three months of enteral nutrition compared with prednisolone
(p<0.01). Those treated with steroids did not show a significant change in
height but did show an increase in all body compartments. However,
intracellular water as well as lean body mass accretion were significantly
higher in the enteral nutrition group than in the prednisolone group.

Csontos, 2016,

Prospective

Hungary54

cohort

Adult

33 CD,

24 ADA, 16 IFX

Repeated

7 UC

3 months

BIA

measures

BMI, FFM,

BMI and muscle parameters increased significantly (BMI: 23.81±7.19 vs.

FM

24.52±7.34, p<0.001; FFMI: 17.64±3.00 vs. 18.14±3.08, p<0.001; at week

cohort study

0 vs. 12, respectively). No changes were detected in the fat parameters (BFMI:
6.21±5.20 vs. 6.44±5.27, respectively). There was no significant difference
between the effects of adalimumab vs. infliximab on body composition. No
significant difference was observed in the extent of changes in parameters
whether the patients were on corticosteroids (n=15) or not (n=25) at week 0.

Deepak, 2016,

Retrospective

USA55

cohort

Adult

20

IFX

Repeated

median

measures

447 days

CT abdomen

cohort study

SAT, VAT,

At baseline CTE, standardized VAT, standardized RLQ VAT and IMAFT

IMAFT,

were similar between radiological responders and non-responders,

IMAT

respectively. After treatment initiation, the standardized delta VAT was
similar between the 2 groups while the standardized delta RLQ VAT showed
a trend towards significance. Delta IMAFT was significantly different
between radiological responders and nonresponders.

Dong,
China

42

2015,

Systematic
review
metaanalysis

Adult
&

1442

Multiple

IBD,

therapies;

2059

categorised

controls

"yes"/"no"

medical

Non-IBD
controls

NA

Anthropometry

BMI

BMI lower in CD patients than controls; medication increased BMI in CD
but not UC, active IBD was associated with lower BMI than remission

as
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Emerenziani,

Prospective

2015, Italy56

cohort

Adult

8

CD,

IFX

Repeated

10

measures

healthy

cohort study,

controls

healthy

6 weeks

BIA

FFM, PhA

FFM increased, although not significantly. Phase angle increased.

4 weeks

BIA

BMI, FM

Infliximab significantly induced weight gain at 4 weeks. Fat mass was not

controls
Franchimont,
2005, Belgium

Prospective
58

Adult

cohort

20

(10

IFX

Repeated

controls)

measures

significantly altered by infliximab at 1 week and 4 weeks. The percentage of

cohort study

fat mass at 4 weeks did not change as compared with the percentage of fat
mass at baseline.

Holt,

2016,

Australia52

Cross-sectional

Mixed

survey

928 (558

Multiple

CD)

therapies

medical

NA

Self-reported

weight,

BMI

height

Patients with CD had a self-reported mean body mass index (BMI) of 24.7;
for patients with UC, the mean BMI was 24. Difference not statistically
significant. The distribution of BMI values was asymmetrical, with a long tail
to the right. A BMI <18.5 was reported in 5.8% of respondents with CD and
6.3% of subjects with UC (not significant). Patients who had taken more than
10 courses of steroids were more likely [odds ratio 1.59] to be overweight or
obese than those who had taken 0–3 courses of steroids [

Khoshoo, 1996,

RCT

Paediatric

14

Low-fat/high-fat EN

Canada45

Cross-over

6 weeks

BIA, Anthropometry

study

Weight, FM,

Weight increased, as did FFM and triceps skinfolds; PCDAI reduced

FFM,
skinfolds

Nakahigashi,

Prospective

2011, Japan

cohort

60

Adult

50

IFX

Repeated

10 weeks

Anthropometry

BMI

BMI significantly increased over 10 weeks. The mean increase in BMI was

measures

significantly higher in patients who responded to infliximab vs patients who

cohort study

did not (P = 0.03). Further, at weeks 30 and 60, 35 patients (70%) and 33
(66%) were in remission, respectively. The mean increase in BMI was
significantly higher in patients who maintained remission vs patients not in
remission. Patients with a low baseline BMI (<18.5) and those with small
bowel involvement achieved a higher increase in BMI as compared to patients
with BMI >18.5 or patients without small bowel involvement.

Parmentier-

Prospective

Decrucq, 2009,

cohort

France

Adult

21

IFX

Canada49

8 weeks

MRI abdomen

measures
cohort study

59

Royall,

Repeated

1995,

Prospective
cohort

Adult

30

(30

controls)

EEN

Repeated
measures
cohort study,

3 weeks

BMI,

A significant homogeneous 18% (15% SAT, 27% VAT) increase in total

Abdominal

abdominal fat was observed in the 21 CD patients after infliximab induction

fat

therapy (P = 0.027), independently of 6% increase BMI.

IVNAA, DXA, BIA,

Weight,

After enteral feeding, body weight increased by 1.9 +/- 0.3 kg (p < .0005).

TBK

TBW, FM,

Weight gain was accompanied by an increase in body protein (0.3 +/- 0.1

TBP

kg), fat (0.3 +/- 0.1 kg), and water (1.1 +/- 0.4 kg) (all p < .025), and by a
nonsignificant increase in total body potassium. The weight gain of
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Siffledeen,

Prospective

2009, Canada53

cohort

Adult

222

healthy

approximately 2 kg consisted of 65% water, 18% fat, and 18% protein, thus

controls

comprising a normal proportion of body composition.

Bisphosphonate and

Repeated

corticosteroid

measures

2 years

DXA, anthropometry

BMI, BMD,

Patients had an average BMI of 25.2 (S.D. 4.5) and 29.2 (+/- 8.7) percent

FFM, FM

total body fat (females > males; p<0.05). Total body fat at baseline correlated

cohort study

with lower testosterone/estradiol levels (p<0.05), Increasing age, female
gender, and higher lumbar spine bone mineral density. Over 24 months’
surveillance, increasing body fat was associated with losses in hip and radial
Bone Mineral Density (BMD) (p<0.05). Patients reporting steroid use at 12
or 24 months had a trend towards lower body fat composition. Male
corticosteroid users demonstrated significantly lower total body fat at 24
months (-19.1 +/- 10 vs -4.9 +/- 2.5; p<0.05). Disease activity had no effect
on changes in body fat. Patients with BMI <25 reported higher corticosteroid
use, were younger and more proportionally female. They also had
significantly higher levels of vitamin D, but lower lumbar spine and hip BMD.
Higher BMI was associated with better BMD, but also with more spinal
fractures, lower reported steroid use and lower measured vitamin D levels
(p<0.05).

Steiner,
USA

2008,

Prospective

Paediatric

31

Corticosteroids

cohort

210

Repeated

2 weeks

Protein kinetics

Protein

After corticosteroid therapy in patients with Crohn disease, the rates of

measures

breakdown/

appearance of phenylalanine (32%) and leucine (26%) increased significantly,

cohort study

loss

reflecting increased protein breakdown, and the rate of appearance of urea
also increased significantly (273%), reflecting increased protein loss

Subramaniam,

Prospective

2015,

cohort

Adult

19

IFX

Repeated

25 weeks

measures

Australia62

MRI muscle volume,

Muscle

IFX increased muscle volume in both legs from baseline to week 25. IFX also

strength

volume and

increased muscle strength in both legs from baseline to week 25. Muscle

strength

volume gain correlated with male gender (P = 0.003). Significant gains in

cohort study

muscle volume and strength were unrelated to prednisolone use. Serum IL6
levels decreased by week 25 (P = 0.037).
Thomsen,

Prospective

2014,

cohort

Adult

Denmark63

37

(20

Prednsiolone vs IFX

Repeated

UC, 17

measures

CD)

cohort study

7 days

Functional

hepatic

At baseline, the FHNC was similar in the 2 treatment groups (36 L/h). After

nitrogen clearance

7 days, prednisolone increased the FHNC by 40% (55 L/h) (P =0.03),
whereas infliximab tended to reduce the FHNC by 15% (30 L/h) (P =0.09).
The changes in the FHNC differed significantly between the 2 treatment
groups (P = 0.01).

Vadan,
Romania

2011,
211

Prospective
cohort

Adult

30

IFX

Repeated

12

measures

months

cohort study

Anthropometry

BMI

The severity of Crohn’s disease did not correlate with low BMI but did
correlate with Nutritional Risk Index (p =0.001). In all patients that
responded to Infliximab treatment progressive weight gain was observed, all
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but one patient reaching normal BMI after one year. Mean weight gain was
significantly more elevated (p =0.001) and time needed to reach normal BMI
was longer in the undernutrition group (p =0.01). Clinical remission was the
principal factor associated with weight gain (p =0.001), while there was no
influence of endoscopic remission on nutritional status.
Wiese,
USA

2008,

Prospective

Adult

7

IFX

cohort

212

Repeated

6 months

DXA, BIA

measures

BMI, FFM,

Overall, patients experienced an increase in BMI after 6 months of infliximab.

FM

There was a nonsignificant increase in lean muscle mass and body fat

cohort study

percentage as calculated by DXA. Overall, body fat percentage estimated per
bioelectrical impedance increased.

Zhao,

2015,

China47

Prospective

Adult

61

EEN

cohort

Repeated

SMM,

A (active phase into remission via EN, n = 21), B (remained in active phase

measures

4 weeks

? Not specified

Protein

before and after EN, n = 19) and C (in remission before and after EN, n =

cohort study

mass, REE

21). Patients in group A had a significant increase in SM, protein mass and
decrease in resting energy expenditure (REE) per kilogram). There was no
significant difference between predicted and measured REE in active CD
patients according to the Harris- Benedict equation. There was no linear
correlation between the measured REE and CRP, ESR or CDAI in active
CD patients.

Zoli,
Italy

50

1997,

RCT

Adult

20

(10

controls)

Elemental diet

10

treated

with

2 weeks

BIA, Anthropometry

BMI, FFM,

BMI increased in ED group, FFM increased in CS group; no other body

FM

composition changed were reported

prednisolone
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Table 2: Treatment effects on bone mineral density
Author,

year,

Type of study

country
Abitbol,
France

2002,

RCT

Adult

or

Number of

paediatric

patients

Adult

94

64

Treatment group

Controls

Duration of

Body composition technique

study
Bisodium

Calcium and

monofluorophosphat

Vit D

Outcome

Results

measure
DXA

BMD

Lumbar BMD increased at 1 year in both groups; there was no difference
between placebo and fluoride treated groups. Recent CS treatment did not

e, calcium, vit D,

affect results.

prednisolone
Altowati, 2015,

Prospective

UK

cohort

213

Paediatric

17 CD,

IFX

Cohort study

pQCT

19 total

BMD,

No alteration in BMD after commencement of IFX, even in patients

PCDAI,

discontinuing steroids.

weight,
BMI,

bone

mineralisati
on markers,
anthropome
try
Azzopardi,

Cross-sectional

Adult

83

2013, Malta68

Corticosteroids, anti-

None

DXA

BMD

TNF, sulfasalazine,

CD diagnosis at young age, long duration of disease, higher cumulative
steroid exposure and infliximab use all associated with lower BMD

5ASA
Bakker,

2013,

Prospective

Netherlands214

cohort

Burnham,

Cross-sectional

Adult

84

Vit D, Calcium

Cohort study

DXA

BMD

Higher age, male sex, low BMI, and a higher age at diagnosis of CD were
associated with low BMD. After mean 4y follow up with Vit D and Ca
supplementation, BMD slightly improved.

2004, USA

Mixed

104 CD,

Corticosteroids

233

74

Healthy

DXA, anthropometry

BMD

controls

Subjects with CD had significantly lower height z score, body mass index z
score, and lean mass relative to height compared with controls (all p 0.0001).

control

After adjustment for group differences in age, height, and race, the ratio of
BMC in CD relative to controls was significantly reduced in males (0.86; 95%
CI, 0.83, 0.94) and females (0.91; 95% CI, 0.85, 0.98) with CD. Adjustment
for pubertal maturation did not alter the estimate; however, addition of lean
mass to the model eliminated the bone deficit. Steroid exposure was
associated with short stature but not bone deficits.

Compston,

Cross-sectional

Adult

1987, UK76
Cowan,
UK

75

1997,

51 CD,

Corticosteroids

None

75 total
Cross-sectional

Paediatric

21 CD,
11 UC,

Single

photon

BMD

absorptiometry, qCT
Corticosteroids

Healthy
controls

DXA, anthropometry

BMD positively correlates with BMI, height and weight and negatively with
lifetime steroid dose. Osteoporosis was present in 30.6% of subjects.

BMD

Of the children with IBD, 41% had a % BMC less than 1 SD below the mean
for the whole body and 47% at the femoral neck. Reduction in % BMC was
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de Jong, 2002,

Cross-sectional

Adult

58

associated with steroid usage but not with the magnitude of steroid dose,

controls

disease activity, or biochemical markers of bone metabolism.

91

Prednisolone,

Netherlands78

None

DXA

BMD

A total of 27 patients (30%) fulfilled the World Health Organization criteria

estrogen,

for osteoporosis and 46 patients (50%) for osteopenia. Osteoporotic patients
used more corticosteroids and had longer duration of disease, lower BMI, and
more bowel resections than patients with normal BMD. However, in the
linear regression analysis, the only significant independent predictors for
BMD of the lumbar spine and femoral neck were BMI and history of bowel
resections. BMI and history of resections together accounted for 28% of BMD
Z-scores.

de Jong, 2003,

Retrospective

Netherlands

cohort

Dinca,

79

1999,

Italy80

Prospective

Adult

Adult

cohort

29

Prednisolone,

54 CD,

Cohort study

DXA

BMD

At baseline, low BMD was present. There was no significant change over the

bisphosphonates, Vit

study period despite most patients having active disease requiring CS, and

D, calcium

most receiving some bone protecting treatment.

Corticosteroids

49 UC,

Healthy

DXA

BMD

Reduced BMD more prevalent in CD patients than controls or UC. BMD

controls

positively correlated with BMI and negatively correlated with lifetime steroid

18

dose. In UC< steroid use during study period was associated with BMD loss.

control
Dubner, 2009,

Prospective

USA

cohort

69

Paediatric

78

Corticosteroids, IFX,

Cohort study

pQCT

BMD

Substantial deficits in trabecular vBMD, cortical bone geometry, and muscle

thiopurines,

were observed at CD diagnosis. Trabecular vBMD improved incompletely;

methotrexate

however, cortical deficits progressed despite improvements in muscle.
Glucocorticoids were not associated with bone loss.

Farkas,
Hungary

2014,

RCT

Adult

6

CD,

13 UC

215

Bolus

Continuous

methylprednisolone

DXA

BMD,

Continuous steroid use was associated with weight gain and BMD loss with

weaning dose

hormonal,

elevated serum cholesterol and reduced cortisol at the end of treatment,

methylpredni

metabolic

compared with bolus dosing

solone

and

bone

turnover
blood tests
Laakso,

2014,

Finland81

Prospective

Paediatric

cohort

17 CD,

Corticosteroids, anti-

30 UC

TNF, sulfasalazine,

Cohort study

DXA, anthropometry

BMD

Cumulative steroid exposure was associated with lower lumbar spine BMD;
univariate analysis

5ASA
Mauro,
Canada70

2007,

Retrospective
cohort

Adult

45

IFX

CD, no IFX

DXA, anthropometry

BMD,

The control group (n=30, mean [± SD] 26.7±9 years of age) had a

anthropome

significantly higher increase in body weight between both evaluations

try

(6.26%±8%) than the infliximab group (n=15, 30.6±13 years), which had an
increase of 0.3%±7.4%. There was a strong correlation between the final
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weight and lumbar bone mineral content (BMC) in both groups. The
infliximab group had a significant increase in lumbar bone area
(4.15%±6.6%),

BMC

(12.8%±13.6%)

and

bone

mineral

density

(8.13%±7.7%) between both evaluations (interval 22.6±11 months)
compared with the control group. The increase in BMC in patients who had
received infliximab treatment was significant when com- pared with control
patients who had received glucocorticoids (n=8) or had evidence of disease
activity (n=13).
Pappa,
USA

2011,

RCT

Paediatric

63

Intranasal calcitonin

IBD, received

DXA, anthropometry

Vit D

66

BMD,

There was no significant effect of calcitonin treatment. Bone mineral accrual

anthropome

rate during the trial did not lead to normalization of BMD Z-score in this

try

cohort. Factors favouring higher bone mineral accrual rate were lower
baseline BMD and higher baseline body mass index Z-score, improvement in
height Z-score, higher serum albumin, haematocrit and iron concentration,
and more hours of weekly weight-bearing activity. Factors associated with
lower bone mineral accrual rate were more severe disease—as indicated by
elevated inflammatory markers, need for surgery, hospitalization, and the use
of immunomodulators—and higher daily caffeine intake.

Pichler,
Austria

2013,

Retrospective

Paediatric

33

IFX

Cohort study

DXA, anthropometry

cohort

71

BMD,

BMD static after treatment with IFX. Weight, height & BMD z-scores

PCDAI,

increased, 25OH Vit D increased

weight,
BMI,

bone

mineralisati
on markers,
anthropome
try
Pichler,
Austria72

2015,

Retrospective
cohort

Paediatric

18

ADA

Cohort study

DXA, anthropometry

BMD,

BMD static after treatment with ADA. Reduction in PCDAI; patients who

PCDAI,

achieved remission had less deviation in BMI from population mean

weight,
BMI,

bone

mineralisati
on markers,
anthropome
try
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Sylvester, 2007,

Prospective

USA82

cohort

Paediatric

58 CD,

56-61%

18 UC

Corticosteroids

received

Baseline age-

BMD,

BMD z-scores static over 2 year follow-up. Steroid use during study period

matched

DXA, anthropometry

PCDAI,

not associated with lower BMD.

controls

weight,
BMI,

bone

mineralisati
on markers,
anthropome
try
Tobias,
UK

2004,

Prospective

Adult

15

Prednisolone

cohort

85

19

CD

in

DXA

BMD

At 2 months, significant bone loss was found in patients with active disease

remission

taking prednisolone, but not in controls. Previous CS use was not significantly
associated with baseline bone mineral density, although body weight, site of
disease, and dietary calcium deficiency were.

Walther, 2006,
Germany

Cross-sectional

Paediatric

90

Corticosteroids

CD,

non-

DXA, anthropometry

IBD controls

83

BMD,

The rate of "osteoporosis" was 8% in girls and 20% in boys. There was a

PCDAI,

similar proportion of osteoporosis in steroid-naive (12%) and steroid- treated

weight,

(11%) patients.

BMI,

bone

mineralisati
on markers,
anthropome
try
Zadik,
Israel84

2005,

Prospective
cohort

Paediatric

24

Oxandrolone, Vit D,

CD

calcium,

remission

in

Bone

sonometry,

BMD,

Bone density reduced for patients with active disease (and on CS), increased

PCDAI,

for those taking oxandrolone, and increased slightly on some measures for

prednisolone,

weight,

patients in remission

cyclosporine, 5ASA,

BMI,

anti-TNF

mineralisati

anthropometry

bone

on markers,
anthropome
try
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Table 3: Treatment effects on growth
Author,

year,

Type of study

country
Assa,
Israel

2013,

or

2004,

Italy216

Prospective

Number of

paediatric

patients

Paediatric

120 (101

cohort

89

Borrelli,

Retrospective

Adult

Treatment group

Controls

18

Body composition technique

study
Anti-TNF

NA

CD)
Paediatric

Duration of

Infliximab

NA

median

Outcome

Results

measure
Growth,

Response was associated with improvement in weight and BMI Z-scores but

15

response to

not with linear growth. Responders had a significantly lower weight and BMI

months

treatment

Z-scores at initiation of anti-TNFα treatment in compared to non-responders

Growth,

A significant increase in both weight and height Z scores was observed 6

response to

months after beginning of the baseline infusion programme. Moreover,

treatment

weight and height gain was significantly higher in patients on retreatment

6 months

Weight, BMI

Height, weight

cohort

rather than in those treated only with three baseline infusions of infliximab.
DeBoer, 2016,

Prospective

USA

observational

217

Paediatric

72

Anti-TNF

NA

12

DXA, height, weight,

Growth,

Sex hormone Z scores increased significantly during the 10-week induction

months

sex

response to

interval. In mixed model regression, PCDAI, cytokine levels, and measures

treatment

of inflammation were significantly and negatively associated with sex

hormone

levels,

inflammatory markers,
PCDAI

hormone Z scores and with LH and FSH levels. Sex hormone and
gonadotropin levels were not associated with body mass index or fat mass Zscores.

Diamanti,

Retrospective

2009, Italy218

cohort

Paediatric

28

Infliximab

Mesalazine

Median

and
azathioprine

Height, weight, BMI

Growth,

In IFX-treated patients, but not controls, mean baseline weight (kg) and BMI

10

response to

values were significantly lower than their final values, and median pCDAI

months

treatment

values were significantly higher than their final values. Significant changes in
height, REE, and food intake were not found in either group.

Griffiths, 1993,

Retrospective

Canada219

cohort

Paediatric

100

Corticosteroids,

NA

nutritional therapy,

Mean 4.9

Height, weight

years

thiopurines, surgery

Growth,

21% children were below the third centile for height. 40% of children in year

response to

one and 33% of children in year two grew less than expected (<4 cm). 49%

treatment

grew <4 cm/y during two or more of the 4 9 (1.8) years of follow up. Severity
of gastrointestinal symptoms was the major factor influencing linear growth
velocity. Despite the high prevalence of growth impairment, the subset of
children who had reached maturity by the time of the study (n=67)
nevertheless maintained their height centile. Growth increments were
comparable for surgically treated patients v patients only treated medically
and among patients stratified by location of disease.

Hannon, 2011,

Randomised

USA100

control trial

Paediatric

8

rhGH

Cross-over

6 months

DXA,

stable

measurements

isotope

Protein

Whole-body proteolysis, phenylalanine catabolism, and protein synthesis did

synthesis,

not differ during treatment with rhGH vs. placebo. Enteral nutrition

accretion of

suppressed proteolysis and increased protein synthesis similarly during

lean mass

placebo and rhGH treatments.
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Heyman, 2008,

Prospective

USA

cohort

101

Paediatric

10

rhGH

Untreated

12

Weight, height, DXA

age, sex, race

months

(FFM, FM)

and

Growth

compared to the comparison group. Height Z score increased in the treated

height-

group, and weight Z score increased. Bone density revealed an increase of the

matched
Katznelson,

Case

2003, USA

control/cross-

20

sectional

control

86

Adult

20 CD,

NA

Mean height velocity in GH-treated patients increased during the year of GH

lumbar spine Z score.

Healthy

Cross-

controls

sectional

BIA, CT

Growth

Crohn’s disease is associated with an increase in central fat accumulation,

hormone

with more IAF and a higher ratio of intraabdominal to total body fat

secretion,

compared with controls. Although serum GH levels were similar in the two

body

groups, GH contributed significantly to the abdominal fat measurements.

composition
Kim,
Korea

2012,

Retrospective

Paediatric

42

cohort

88

"top-down" vs "stepup"

therapy

NA

with

12

Weight, height

Weight gain

months

group, followed by the ‘top-down’, ‘step-up’, and ‘azathioprine’ groups. At

steroids,
azathioprine

At 2 months, the Z–score increment for weight was highest in the ‘steroid’
one year, the Z–score increment was highest in ‘top-down’ group, followed

and

by ‘steroid’, ‘azathioprine’, and ‘step-up’ group. There were no significant

infliximab

differences between the four groups in Z–score increment for height and
serum albumin during the study period.

Kundhal, 2001,

Retrospective

Canada98

cohort

Paediatric

32

Controlled

ileal

Up to 12

release budesonide

Height, weight

months

Growth,

PCDAI fell to less than 15 (cut-off score remission) in 29%. Six prepubertal

response to

responders continued to receive 6 mg CIR budesonide for 6 to 13 months.

treatment

Five of the 6 experienced only mild or no gastrointestinal symptoms and
gained weight. Nevertheless, their mean height velocity was only 2.3 ± 1.0
cm/year, and none grew at a rate of more than 4cm/year whilst receiving
CIR budesonide.

Lake,
USA220

1985,

Prospective
cohort

Paediatric

8

Preoperative
parenteral nutrition

No preop PN

3 years

Height, weight

Growth,

At the time of surgery, all eight patients had growth velocities below the 3rd

response to

percentile for age, a pattern which predated surgery for 2 years in five of the

treatment

eight. In the 1st year postoperatively, seven of the eight had growth velocities
greater than the 3rd percentile, with three of four Group A patients
demonstrating growth at or exceeding the 50th percentile for age. The
average growth velocity ( ± 1 SD) achieved in Group A in the 1st year was
7.5 (± 2.1) cm/year versus 3.7 ( ± 0.6) cm/year in Group B (p < 0.02). No
significant difference was noted in the 3rd postoperative year: 2.5 cm/year in
Group A versus 2.2 cm/year in Group B. By the 3rd postoperative year, all
eight were Tanner 4 or 5 in sexual development, though bone ages continued
to demonstrate approximately a 1-year delay

48

Chapter 2: The role of body composition in the treatment of Crohn’s Disease: A systematic review

Malik,

2011,

UK94

Retrospective

Paediatric

28

Infliximab

NA

cohort

18

Height

Of the 28 cases, 21 (75%) demonstrated a clinical response to infliximab

months (t-

Height

velocity

treatment. Overall, height velocity (HV) increased from 3.6 cm/y (0.4–7.8) at

6 to t+12)

change

T0 to 5.5 cm/y (2.1–9.2) at T + 6 (P = 0.003). In infliximab responders, HV
increased from 2 cm/y (P = 0.004) and in the nonresponders, HV remained
static at 4.3 cm/y (2.5–8.6) at T0 and 3.0 cm/y (2.0–11.3) (P = 0.701) at T +
6. HV also increased in the subgroup of 13 children who had remained
prepubertal from 4.5 cm/y (0.4 – 8) to 5.5 cm/y (3.3 – 8.4) (P =0.050). In the
subgroup of 11 children who had a reduction (n =2) or cessation in GC (n
=9), HV increased from 1.8 cm/y (0.3 – 8.3) at T0 to 5.6 cm/y (2.2 – 9.2) at
T + 6 (P =0.14), whereas those children who did not receive GC during the
12 months had an increase from 3.7 cm/y (0.6 – 6.5) to 6.4 cm/y (2.9 – 9.0)
(P < 0.05). HV at T0 and T + 6 showed a significant association with the
average alkaline phosphatase during the prior 6 months (r =0.39, P < 0.05).
HV did not show any association with individual markers of disease activity.

Malik,

2012,

UK90

Retrospective

Paediatric

116

cohort

Prednisolone,

Growth,

The clinical, therapeutic and laboratory data for the groups with the worst

methotrexate,

response to

and best growth outcomes were compared in terms of ΔHtSDS at T1 and T3

azathioprine,

treatment

(table 2). At T1 the use of methotrexate was significantly associated with better

exclusive

NA

3 years

Weight, height, BMI

enteral

growth (p=0.01), and at T3 the use of prednisolone (p=0.01) and raised ESR

nutrition, anti-TNF

(p=0.02) were significantly associated with worse growth. Multivariable
regression models were used to determine the association of disease and
therapy on growth (HtSDS, WtSDS, BMISDS, HVSDS and ΔHtSDS) at T1,
T2, T3 and MF by fitting linear mixed effect models. In the final models,
HtSDS was associated negatively with the use of prednisolone (p=0.0001),
azathioprine (p=0.0001), methotrexate (p=0.0001) and WtSDS (p=0.0001).
HVSDS was associated positively with age (p=0.0001) and WtSDS (p=0.01).
ΔHtSDS was associated negatively with the use of prednisolone (p<0.02).
BMISDS was associated positively with prednisolone (p=0.0007) and serum
Alb (p=0.0001) (table 3).

Malik,
UK193

2012,

Retrospective
cohort

Paediatric

36

Adalimumab

NA

12

Growth,

Of 36 cases, 28 (78%) went into remission. Overall 42% of children showed

months (t-

Height, weight

response to

catch up growth, which was more likely in: (i) those who achieved remission

6 to t+6)

treatment

(median change in height SDS (ΔHtSDS) increased from −0.2 (−0.9, 1.0) at
T0 to 0.2 (−0.6, 1.6) at T+6, (p=0.007)), (ii) in those who were on
immunosuppression ΔHtSDS increased from −0.2 (−0.9, 1.0) at T0 to 0.1
(−0.8, 1.3) at T+6, (p=0.03) and (iii) in those whose indication for using
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adalimumab therapy was an allergic reaction to infliximab, median ΔHtSDS
increased significantly from −0.3 (−0.9, 1.0) at T0 to 0.3 (−0.5, 1.6) at T+6,
(p=0.02). Median ΔHtSDS also increased from −0.4 (−0.8, 0.7) at T0 to 0.0
(−0.6, 1.6) at T+6, (p=0.04) in 15 children who were on prednisolone therapy
when starting adalimumab.
Markowitz,

Retrospective

1993, USA

cohort

194

Paediatric

48

Sulfasalazine,

NA

Permanent growth failure occurred in 19-35% of subjects, depending upon

corticosteroids,

the method used to assess growth. Overall, 31% (15 of 48) of the subjects had

thiopurines,

deficits of adult height identified by two or more methods, including 14 of 38

nutritional therapy

(37%) of those with Crohn’s disease but only one of 10 with ulcerative colitis.
Duration of corticosteroid use was longer (p < 0.05) in growth- impaired
subjects. In addition, although 60% of all sub- jects had periods of poor
growth that put them in height- for-age percentiles two or more major growth
channels below previous percentiles, only 19% remained at these levels upon
achieving their final adult heights.

Mason,

2011,

UK97

Retrospective

Paediatric

8

Testosterone

NA

cohort

12

Height

Height

Seven boys showed an advance of pubertal status. Six boys had a greater than

months (t-

velocity

50% increase in HV; median HV at T0 was 1.6 cm/year (0, 5) com- pared

6 to t+6)

change

with 6.9 cm/year (1, 11.7) at T6 (p = 0.005). C-reactive protein during
testosterone therapy had a significant association with HV at T6 (r = –0.786;
p = 0.021).

Mauras, 2002,

Prospective

USA

cohort

102

Paediatric

10

Growth hormone

NA

12

DXA, calcium kinetic

Growth

months

analysis, leucine and

.001) and decreased percent fat mass ( 3.5%, P

glucose isotope studies,

treatment. Rates of whole body protein turnover, oxidation, and synthesis

substrate oxidation and

remained invariant, with no changes in substrate oxidation or resting energy

energy

expenditure rates. Linear growth velocity increased from 3.5

0.4 cm/yr

when the patients were treated with prednisone only, to 7.7

0.9 after 6

expenditure

rates, height, weight

Body composition changed favourably with increased fat free mass ( 3 kg, P
.001) after 4 months of

months of combined prednisone/rhGH (P .001). The growth velocity was
sustained in the 7 patients treated with rhGH for 12 months.
Morin,

1982,

Canada221

Prospective

Paediatric

10

cohort

Exclusive

3 weeks of

Height, weight, triceps

Growth,

The mean PCDAI whole group was 307.0 ± 23.6 (range: 203 to 413) before

nutrition (elemental

enteral

NA

therapy,

skinfold,

response to

and 69.2 ± 11.4 (range: 15 to 114) after the feeding period. Significant

formula)

12 month

circumference

treatment

increases in body weight, triceps skinfold, mid-arm circumference, serum

Height, weight

Growth,

The prevalence of growth failure was 24%, 23%, and 39% by height velocity,

response to

Z score, and height-for-age criteria, respectively; deficits were equally

treatment

prevalent regardless of the stage of pubertal development. A delay in linear

mid-arm

follow up
Motil,
USA

222

1993,

Prospective
cohort

Paediatric

69

Corticosteroids

NA

Up to 3
years

transferrin and mean percentage of T lymphocytes were also observed.
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growth persisted throughout puberty and was not reversed after surgery.
Patients who had Crohn’s disease were twice as likely to have growth
abnormalities than patients who had ulcerative colitis. We detected significant
negative associations between linear growth and disease activity but not
steroid therapy.
Pfefferkorn,

Prospective

2009, USA

cohort

95

Paediatric

176

86%

NA

2 years

height, weight

Growth,

Among therapeutic interventions in the initial 1-year follow-up period, only

immunomodulators

response to

corticosteroid use was associated with height velocity outcome at 1 year.

and 36% infliximab;

treatment

Subjects whose corticosteroid use extended for 6 months or longer were more

corticosteroids 77%,

likely to demonstrate abnormal height velocity z scores, compared with those

5ASA 61%

with less than 4 months of use (including no use) or 4 to 6 months of use (76%
vs 31% and 38%, respectively; P < 0.001).

Simon,

2013,

France103

Randomised

Paediatric

control trial

30

on

rhGH

longter

Delayed-start

t+12

Composite

Muscle

at M6, rhGH therapy did not significantly affect changes in CIMS or CIMS

group

months

muscle strength, DXA,

strength,

SDSheight the rhGH-treated group had significantly larger changes in height

MRI, height

growth

SDS compared with the untreated group. After 1 year of rhGH, height SDS,

m

index

of

corticost

LM, and MA increased significantly, CIMS increased, and CIMS SDSheight

eroids (1

remained within the normal range.

CD)
Sinitsky, 2010,

Retrospective

Australia

cohort

Thayu,
USA

92

91

2010,

Prospective
cohort

Paediatric

16

Infliximab

NA

12

Height, weight

months

Paediatric

78

BMI,

89% of the cohort experienced short-term response following induction.

laboratory

Response was associated with improvement in weight and BMI Z-scores

and clinical

(pb0.001) but not with linear growth. Responders had a significantly lower

indices

weight and BMI Z-scores at initiation of

steroids 34 (74%),

Healthy

12

Weight, height, DXA

Change

methotrexate

11

controls

months;

(FFM, FM)

body

female patients had persistent LM deficits vs controls ( 0.50 1.02, P .05).

(24%),

6-

composition

Serum interleukin-6, tumour necrosis factor, and lipopolysaccharide binding

subset

in

LM-ht-Z and FM- ht-Z) improved significantly after diagnosis; however,

mercaptopu- rine 36

followed

protein decreased significantly. Greater increases in LM-ht-Z were associated

(78%), azathioprine

up

with infliximab therapy, increases in albumin and decreases in erythrocyte

5 (11%), infliximab

median

sedimentation rate, interleukin-6, and lipopolysaccharide binding protein.

13 (28%), and enteral

43

Greater increases in FM-ht-Z were associated with glucocorticoid,

nutrition 9 (20%). Of

months

methotrexate, and infliximab therapy, and increases in albumin and growth

for

note, no subject re-

hormone binding protein. Overall, height-Z did not improve; however,

ceived

exclusive

greater increases in insulin-like growth factor 1 and decreases in tumour

enteral

nutritional

necrosis factor, interleukin-6, and lipopolysaccharide binding protein levels

therapy.

were associated with increases in height-Z.
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Walters, 2007,

Retrospective

Canada93

cohort

Paediatric

32

Infliximab

NA

Median

Growth,

n all, 28 of 32 patients tolerated and responded to the induction regimen and

26

Height, weight

response to

27 responders continued to receive infliximab via regularly scheduled

months

treatment

infusions (n

22) or episodically (n

5) for a median of 26 months. Mean

standard deviation score (SDS) for height at time of initiation of infliximab
therapy was 1.15
from 0.44

1.2 and had declined despite the use of other therapies

1.1 at initial diagnosis. Increases in height velocity and stature

during infliximab therapy were limited by pubertal stage.
Wong,
UK104

2011,

Randomised
control trial

Paediatric

22
CD)

(21

11 rhGH

10 CD, 1 UC

6 months

Height

Height

Median HV increased from 4.5 (range, 0.6, 8.9) at base- line to 10.8 (6.1,

velocity

15.0) cm/year at 6 month (P = 0.003) in the rhGH group, whereas in the Ctrl

change

group, it was 3.8 (1.4, 6.7) and 3.5 cm/year (2.0, 9.6), respectively (P = 0.58).
Median percentage increase in HV after 6 months in the rhGH group was
140% (16.7, 916.7) compared with 17.4% ()42.1%, 97.7%) in the Ctrl group
(P < 0.001). There were no significant differences in disease activity and
proinflammatory cytokines at baseline and 6 months in both groups and
change in bone age for chronological age was also similar in the two groups.
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Table 4: Body composition effects on drug dosing
Author,

year,

Type of study

country

Adult
paediatric

or

Number

Treatment group

Controls

of

Duration of

Body composition technique

study

Outcome

Results

measure

patients
Colombel,

Prospective

2014, USA116

cohort

Adult

80

Certolizumab

NA

54 weeks

Weight, BMI

Endoscopic

There was an inverse correlation between baseline body weight and the

remission,

CZP trough concentration at week 8 (p value given, but not r). These data

drug levels

support a role for body weight as a predictive factor for CZP plasma
concentration after a loading dose.

Csontos, 2015,

Prospective

Hungary113

cohort

Adult

18

Adalimumab

NA

12 weeks

BIA

ADA

ADA trough levels did not differ significantly at week 6 and 12

trough

(8.00±2.9μg/mL vs. 7.73±3.14μg/mL). Three of the patients (6.7%) had

levels

suboptimal ADA trough levels, only one of them were detected to have
antibodies, he was excluded from further investigations. The changes of
adalimumab trough levels correlated with body surface area (r=-0.682;
p=0.002). We also found moderate correlation between the variability of
trough levels and muscle parameters (FFMI: r=-0.494, p=0.045, SMI: r=0.508, p=0.038). However, the changes of ADA trough levels did not
correlate with BIA fat parameters nor the proportion of extracellular and
intracellular fluid (BFMI: r=-0.099 and extracellular/intracellular water
r=0.089)

Dassopoulos,
2013, USA

RCT

Mixed

50

223

Azathioprine dosed

Weight-

according
metabolite levels

to

16 weeks

Weight

Clinical

trends towards individualised over weight-based azathioprine dosing, but

based

remission,

no statistically significant differences in efficacy, likely due to low statistical

azathioprine

thiopurine

power and inability to achieve the target 6TGN concentrations in the

dosing

metabolite

individualised arm

levels
Dotan,
Israel

2014,

119

Prospective

Adult

cohort

25 CD,

Infliximab

NA

25 UC,
4 NS

Fasanmade,
2011, USA120

Metaanalysis

Mixed

692

NA

BMI, Weight

Pharmacoki

The model revealed that the relationship between IFX-CL and body

netics

weight is not linear; lower body weight patients actually required a higher
milligram per kilogram dose to maintain the same drug exposure

Infliximab

NA

Weight affects infliximab PK properties (total CL and total Vd increased
with total body weight while per kg CL and Vd decrease with total body
weight), V2 decreased as body weight increased, predicting a possible
undercompensation for exposure with infliximab dosing per kg weight in
lower-weight individuals.
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Hämäläinen,

Prospective

2012,

cohort

Finland

Paediatric

37

(23

Infliximab

NA

CD)

Not

Weight

specified

Infliximab

Lower body weight and higher level of intestinal inflammation are

levels

associated with s-IFX levels during induction.

Thiopurine

No correlation was identified between 6TGN and any body composition

metabolite

parameters, absolute drug dose or drug dose/ kg of fat mass, fat-free mass

levels

(FFM), subcutaneous adipose tissue area, or visceral adipose tissue area.

224

Holt,
Australia

2016,

Cross-sectional

Adult

66

Thiopurine

NA

NA

DXA,
Anthropometry

109

CT,

However, 6MMP correlated with azathioprine dose, thiopurine dose/kg
of body weight, and with several body composition parameters.
Hyams, 2012,
USA

RCT

Paediatric

192

Adalimumab

Retrospective

Adult

76

Adalimumab

26 weeks

Weight

Median

BMI, Weight

stratification

96

Lie,

Dose

2014,

Netherlands

114

NA

cohort

201 days

Clinical

Higher ADA doses were associated with higher drug levels; no difference

remission

in clinical efficacy was observed between high dose or low dose regimens.

Pharmacoki

In a multivariable regression analysis of patient factors influencing week

netics

28 adalimumab levels, the regression model containing CRP at week 28
and BMI at baseline (r = 0.408, p = 0.005) weakly but significantly
predicted week 28 adalimumab levels (R2 = 0.193, P = 0.004).

Nguyen, 2013,

Retrospective

France112

cohort

Paediatric

86

Thiopurine

NA

median

Weight

Thiopurine

This study is the first to demonstrate significantly positive correlations

20

metabolite

between the weight-based azathioprine dosage and the levels of 6-TGN

months

levels

and 6-MeMPN metabolites as well as the 6-MeMPN/6-TGN ratio in
paediatric IBD patients, whereas almost all previous studies showed no
relationship or only very weak correlations

Poon,
UK

2015,

Cross-sectional

Adult

77 CD,

Thiopurine

NA

NA

BMI

55 UC

225

Thiopurine

Every 5kg/ m2 increase in BMI was associated with an 8% decrease in 6-

nucleotide

TGN (0.92; 95% confidence interval [CI] 0.87–0.98; p = 0.009). Obese

levels

patients were more likely to have sub-therapeutic 6-TGN levels and a
higher methyl mercaptopurine nucleotide [MMPN/TGN] ratio despite a
similar dose of thiopurines.

Rosario, 2015,
USA

Metaanalysis

Adult

2554

Vedolizumab

(UC,

122

Healthy

NA

Weight

controls

CD,

Population

Body weight positively correlated with vedolizumab linear clearance. A

pharmacoki

patient of 120 kg with a serum albumin concentration of 4.0 g/dL had a

netics

19% probability of having CLL greater than the pre-specified criterion for

healthy

clinical significance. Measures of body size are the most commonly

controls

identified covariates influencing the pharmacokinetics of therapeutic

)

monoclonal antibodies. The impact of body weight on vedolizumab CLL
is consistent with that reported in population pharmacokinetic analyses of
other therapeutic monoclonal antibodies.

Sharma, 2015,

Randomised

USA125

trial

Paediatric

189

Adalimumab

NA

52 weeks

Weight

Pharmacoki

Higher baseline body weights were associated with greater adalimumab

netics

clearance; median clearance was ≈50% higher in the fourth quartile (>54
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kg) compared with the first quartile (<34 kg). However, due to the wide
PK variability, there was considerable overlap in the individual clearance
values across body weight groups.
Subramanian,

Retrospective

2014, UK

cross-sectional

(55%

analysis

CD)

111

Adult

106

Thiopurine

NA

NA

BMI, Weight, body fat

6TGN

After adjustment, a one kilogram increase in weight was associated with a

index

levels

1.62 unit decrease in 6-TGN levels (95% CI: 0.40 to 2.82, p = 0.0094).
Body fat index correlated strongly with weight for both males and females
(0.8345 and 0.8860 respectively) and a significant difference was found
between BFI for each sex (p < 0.001) with females, on average, having a
higher BFI. Weight, BMI and BFI differed significantly across subtherapeutic, therapeutic and supra-therapeutic 6-TGN groups

Ternant,

Retrospective

France, 2008

118

Adult

cohort

33
CD,

(30

Infliximab

NA

3

Median

Weight

time from

UC)

Infliximab

A two-compartment model was formulated, with both sex and weight

levels

were found to significantly influence central volume of distribution (VC):

first dose

this parameter was higher in men than in women and increased with body

to

drug

weight. An influence of weight on VC was reported for other monoclonal

level test

antibodies such as golimumab18 and sibrotuzumab.17 Because VC is

13

similar to plasma volume and this volume increases with body weight, the

months
Wade,
Belgium

2015,

Metaanalysis

Adult

2157

Certolizumab

NA

NA

influence of body weight on VC was expected.
Weight, BMI, BSA

121

Population

Of weight, BMI and BSA, BSA most affected clearance and apparent

pharmacoki

volume of distribution, in a linear fashion; both parameters increased by

netics

more than 53% and 49%, respectively, across the range of BSA
measurements in the data.

Yip,
2008

USA,
107

Questionnaire
to clinicians

Adult

145

Thiopurine

NA

Weight

Most gastroenterologists aspire to weight-based dosing regardless of

respond

checking TPMT. However, more gastroenterologists who checked

ents

TPMT, compared to those who did not, reached maximal weight-based
dosing for 6-MP (73% versus 54%; P 0.03)
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Table 5: Body composition effects on outcomes
Author,

year,

Type of study

country

Adult
paediatric

or

Number

Treatment group

Controls

Duration of

of

Body composition technique

study

Outcome

Results

measure

patients
Bhalme, 2013,

Retrospective

UK133

cohort

Adult

130

Adalimumab

and

NA

>3

Infliximab

BMI, weight

Loss

months

of

response

For those patients on ADA, a Cox proportional hazards model showed
that an increased hazard of LOR is related to increases in BMI (P = 0.045).
An increase of 1 in BMI corresponds to an increase in hazard of 8.2%.
For those patients on IFX, there was no significant effect of BMI upon
LOR (P = 0.36).

Blain,

2002,

France144

Retrospective

Adult

cohort

62

Multiple

obese

therapies

medical

124

non-

Weight

Prevalence of obesity in large cohort over 36-year period was 3.6%. Obese

change,

patients were older at diagnosis. Perianal disease was more frequent, with

Crohn’s

disease

shorter time to development of penetrating complications. Active disease

disease

behaviour,

and hospitalisation were more likely in obese patients.

(from

disease

cohort

severity,

obese CD

Variable

Weight, height, BMI

follow-up

of 2065)
Büning, 2015,

Prospective

Germany141

cohort

Adult

therapy

31

Multiple

women

therapies

medical

19 age and

6 months

BodPod,

Height,

Disease

Patients with CD had higher percentage of FM (37 6 10% versus 31 6

BMI-

Weight, BMI, MRI

pattern/acti

10%, P =0.03), VAT (1885 6 1403 mL versus 941 6 988 mL, P =0.02),

matched

(VAT),

vity,

and VAT/FM ratio (65 6 24 mL/kg versus 37 6 25 mL/kg, P =0.004)

women

ultrasound

treatments,

than control women. In patients with CD, VAT/FM ratio was associated

cytokines

with leptin (P =0.009) and interleukin 6 (P =0.032) concentrations, and

abdominal

higher in short-term than in long-term remission (72.6 6 27.1 mL/kg
versus 54.8 6 16.1 mL/kg, P =0.079). Patients with CD with
stricturing/fistulising disease had a higher VAT/FM ratio than patients
with non-stricturing/ non-fistulising behaviour (79 6 0.15 mL/kg versus
63 6 28 mL/kg, P =0.067). A higher baseline VAT/FM ratio was
associated with an increased disease activity at follow-up (P =0.029). The
ultrasound-determined thickness between the abdominal wall and the
aorta was strongly associated with VAT as measured by magnetic
resonance imaging
Colombo,
2015, Italy151

Case-control

Adult

6

Bariatric surgery

Morbidly

Mean

obese

Weight, height

BMI,

Perioperative results, in terms of BMI, excess weight loss, and

57.8

weight,

complications after restrictive bariatric surgery, were comparable between

months

perioperativ

obese IBD and control patients.
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e
complicatio
ns
Ding,
UK

2015,

Retrospective

Adult

49

Anti-TNF

NA

cohort

226

Unspecifi

CT

(SM,

ed

density, VAT)

muscle

Primary

Patients with visceral obesity were more likely to have PNR [OR 7.42

and

95%(1.12-49.24) p=0.038]. From the patients that had PNR, 28% had

secondary

visceral obesity. LOR was present in 18 (37%) patients. Patients with

loss

of

response

myosteatosis were more likely to have LOR [OR 4.01 95%(1.05-15.22)
p=0.042]. From the patients that had LOR, 44% had myosteatosis. None
of the other factors (myopenia, age, gender and type of anti-TNF) were
associated with LOR or PNR.

Ding,
UK

2016,

Retrospective

Adult

106

Anti-TNF

NA

cohort

138

Median

CT

(SM,

22.65

density, VAT)

months

muscle

Primary

PNR in 24%. Secondary LOR was identified in 27%. According to body

and

mass index (BMI), 13 (12%) were obese. However, of these, 77% had no

secondary

visceral obesity. Myopenic patients were more likely to have PNR [OR

loss

of

response

4.73 95%(1.81-12.39) p=0.002] on multivariate analysis. In patients with
PNR, 15 (57%) were myopenic. No other factors (visceral obesity,
myosteatosis, age, gender and type of anti-TNF) were associated with
LOR or PNR

Falaiye, 2014,

Retrospective

USA

cohort

136

Paediatric

29

(12

Infliximab

NA

CD)

median

Weight, BMI

923 days

Response to

Need for infliximab dose escalation was associated with lower body mass

therapy,

index z score (P = 0.01)

dose
escalation
Fuentes,
2003

UK,

129

Retrospective

Paediatric

cohort

107

Azathioprine

NA

patients

mean 3.1

Weight

years

(65 CD)

Clinical

A daily dose of 3 mg/kg azathioprine is a safe, well- tolerated and effective

response,

maintenance therapy for children with moderate to severe inflammatory

clinical

bowel disease. For the first time, it has been shown that growth rates in

remission,

children with the most severe Crohn’s disease may not deteriorate, and

adverse

indeed may improve in the first years following diagnosis using the above

events

regimen. Compared with historical controls, the need for early surgery
appears to be reduced.

Harper, 2013,

Retrospective

USA

cohort

135

Adult

99 CD,
24 UC

Infliximab

NA

3 years

BMI, Weight

IBD flare

Obese (BMI >30 kg/m2) patients with Crohn’s disease were more likely
to have an IBD flare than nonobese patients (adjusted hazard ratio [HR]:
3.03, P , 0.001). Increasing weight and BMI were associated with earlier
IBD flare in both Crohn’s disease (adjusted HR: 1.06 per unit increase in
BMI [P = 0.02] and 1.02 per kg increase in body mass [P=0.02]) and
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ulcerative colitis (adjusted HR: 1.3 per unit increase in BMI [P = 0.01]
and 1.11 per kg increase in body mass [P = 0.004]).
Hass,

2006,

USA145

Retrospective

Adult

cohort

48

Multiple

obese

therapies

medical

100

non-

obese CD

Crohn’s

median

Time to first

Obese patients were older at diagnosis and had a shorter time to first

213

Weight, height, BMI

surgery, age

surgery than underweight patients

months

at diagnosis,

disease

number

of

surgeries,
and
escalation of
medical
therapy
Holt,

2015,

Australia137

Retrospective

Adult

cohort

35

(34

Anti-TNF

NA

CD)

Median

CT (VAT, SFA, MFI,

Loss

1100

SM)

response

of

days

Those patients in the lowest quartile of L4-5 visceral adipose tissue area
had a median time to LOR of 636 days, compared with 1100 days in the
median 50% (p = 0.0457). The median time to loss of response was shorter
for the lowest quartile of skeletal muscle area than for the lowest quartile
of body weight or visceral adipose tissue area. Crohn’s Disease Activity
Index and C-reactive protein were not predictors of loss of response, but
those in the lowest quartile of albumin and haemoglobin measures had a
shorter mean time to loss of response (p = 0.024 and 0.037 respectively).

Holtmann,

Retrospective

2010,

cohort

Adult

Germany128

1176

Azathioprine

NA

4 years

BMI

Response to

Azathioprine responsiveness depends on body mass index (BMI). The

(818

therapy,

relationship is reciprocal in UC and CD, with a better outcome in UC

CD)

steroid

patients with a BMI<25 and in CD patients with BMI>25

requiremen
t
Li,
China

2015,
227

Retrospective
cohort

Adult

72

Surgery

NA

6 months

CT (VAT, SFA, MFI)

Endoscopic

The factors associated with postoperative endoscopic recurrence at 6

recurrence

months after surgery were a high VFA value and MFI values above the
median. VFA values were significantly correlated with endoscopic
recurrence (r = 0.895, P = 0.040) and endoscopic lesions (r = 0.617, P <
0.0001). Additionally, MFI values correlated well with endoscopic
recurrence (r = 0.918, P = 0.02) and endoscopic scores (r = 0.584, P <
0.0001). Multivariate analysis indicated that VFA values above the
median (hazard ratio 2.63, 95% CI 1.03–6.74) were predictive of
postoperative clinical recurrence in Crohn’s disease.
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Nic
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Height, weight, BMI,
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control/cross-
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analysis, higher current BMI was significantly associated with disease

sectional

arm circumference

activity

specific factors, namely lower disease activity (CDAI) and lower white cell

case-

Multiple

medical

NA

NA

therapies

count, suggesting stable disease, as well as older age and lower physical
activity. BMI was not significantly associated with the need for surgery or
the need for corticosteroids. A novel association between higher BMI and
higher CRP was identified.
O’Connor,

Cross-sectional

Adult

27

NA

NA

NA

BMI, waist-hip ratio,

Disease

27 patients were recruited in this pilot study. 16 (59%) had BMI >25 and

2015,

MUAC,
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(classified as overweight or obese), 10 had normal BMI and 1 had BMI

Ireland143

thickness, BIA

vity,

<18. 32% had body fat stores above normal, 44% within normal range

treatments,

and 24% had low fat stores as measured with BIA. Numbers were too

abdominal

small in this pilot study to establish a relationship between dis- ease pattern

pain,

and/or activity, those requiring >1 course of steroids in the previous year

wellbeing

and those on anti-TNF therapy were more likely to have normal range

skinfold

BMI than the group as a whole. Self reported abdominal pain and
decreased well being was highest in patients with an increased BMI.
Petito,
Italy

2015,

Prospective

Adult

cohort

134

12 UC,

Infliximab

NA

12 CD

>14

DXA (FM) and BMI

weeks

IFX levels,

Higher BMI and body fat levels were associated to reduced response to

ATI,

IFX. Higher IFX trough levels correlated to retrospective response to IFX.

response to

ATI associated to lower IFX trough levels and also post-infusion levels.

treatment

BMI and body fat levels correlated to IFX postinfusion levels, suggesting
that IFX does not distribute in the adipose tissue. Patients under
immunosuppressant display higher IFX post-infusion levels and reduced
ATI levels.
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Patients with moderate-to-severe Crohn’s disease in whom treatment with

response,

one or more TNF antagonists had failed were more likely to have a clinical

received

clinical

response to 6 mg of ustekinumab per kilogram than to placebo. Induction

treatme

remission

with ustekinumab did not significantly increase the remission rate. For all

25 weeks

Weight

Low BMI was associated with treatment withdrawal

Clinical

(394

Ustekinumab

Median

nt, 132

other secondary outcomes, the efficacy of 6 mg of ustekinumab per

placebo)

kilogram was superior to that of placebo. Lower induction doses of
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ustekinumab generally had a numerical benefit, as compared with
placebo, although the differences were not significant.
Summers,

Randomised

1979, USA127

trial

Stidham, 2015,

Retrospective

USA

cohort

Adult

113

Azathioprine

1.0

vs

2 years

Weight

2.5mg/kg

Adverse

At a dose of 2.5 mg azathioprine/kg, there was a 15% incidence of
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leukopenia; at 1 mg/kg, only 3.7% had leukopenia.

Postoperati

Bivariate analysis showed subcutaneous-to-visceral fat volume distribution

ve infective

as a predictor of complications. Body mass index, anti-tumour necrosis
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factor alpha therapies, and immunomodulator use were not predictors of

ns

complication. Multivariate modelling demonstrated subcutaneous-to-

Azathioprine
147

Adult

269

Surgery

NA

30 days

CT (VAT, SFA, MFI)

visceral fat distribution (odds ratio = 2.01; 95% confidence interval, 1.20–
3.19; P = 0.006) as a predictor of infectious complication.
Thangarajah,

Prospective,

2014, UK146

case-control

Uko,

Retrospective

Paediatric

23

NA

6

healthy

NA

MRI (VAT, SAT, SM)

controls

Disease

Severe disease is associated with lower muscle mass and higher IAAT. In

activity

severe disease despite lower BMI, there is evidence of higher IAAT; this
implies that IAAT is mediated by local gastrointestinal inflammation.

2014,

USA142

Paediatric

101 CD

cohort

Corticosteroids,

78

anti-TNF

matched

age-

NA

CT

Disease

IBD group had 33% higher VAT than controls after adjusting for body

activity,

mass index and age. In patients with CD, higher VAT was associated with

time

to

surgery

fistulising or fibrostenotic disease (odds ratio 1.7), CD hospitalizations
(OR, 1.9), moderate or severe disease activity scores (OR, 1.8), and shorter
intervals from diagnosis to surgery (hazard ratio, 1.4) after adjusting for
body mass index and age.

Wu,

2013,

China132

Retrospective

Adult

77

Azathioprine

NA

≥2 years

Weight

cohort

Reduction

Among 77 patients, 39 (50.6%) started treatment with <1.0 mg/kg

in Harvey-

azathioprine and 38 (49.4%) with 1.0-2.0 mg/kg. The remission rate in

Bradshaw

patients of <1.0 mg/kg group was significantly higher than that in those

Index

of 1.0-2.0 mg/kg group. A dose of <1.0 mg/kg azathioprine was more
commonly associated with male gender, older age, heavier body weight
and L1 location. Adverse events were observed in 21 of 77 patients
(27.3%) and no significant difference in occurrence of adverse events or
leukopenia between two groups.

Zhang,
China

149

2015,

Prospective
cohort

Adult

138

Preoperative

NA

management,
elective

30 days

BIA

BMI,
FM

SM,

Preoperative SMP (P=0.002, OR 0.487, 95 % CI 0.307–0.772) and BFP
(P=0.036, OR 0.691, 95 % CI 0.490–0.996) were significantly

intestinal

independent protective factors. Notably, only preoperative SMP

and

(P=0.002, OR 0.588, 95 % CI 0.422–0.820) was a significantly

resection
anastomosis

independent protective factor for major complications, and our threshold
of SMP was 24.3 % (P<0.001, sensitivity 83.7%, specificity 95.9%).
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Chapter 3: Patients with inflammatory bowel disease and
their treating clinicians have different views regarding diet
Introduction and context
The patient experience is under-represented in scientific literature regarding management of
Crohn’s disease, and patients report dissatisfaction regarding the provision of information from
their treating clinicians regarding nutrition1.
In a large international cohort of patients with inflammatory bowel disease, nearly half reported
that their doctor did not question them about the impact of symptoms on quality of life2. This
failure to contextualise the patient’s illness may result from a paucity of practice guidelines
regarding the management of Crohn’s disease aside from medication and surgery. A survey of
gastroenterologists regarding their knowledge of aspects of Crohn’s disease care revealed
nonpharmacological treatment as the component of therapy with the largest gap between
current and desired knowledge3.
The most common question asked by patients with inflammatory bowel disease is: “Doctor,
what should I eat?”4 A thorough, evidence-based response is not always forthcoming.
Recently updated (December 2016) guidelines from the European Society for Parenteral and
Enteral Nutrition regarding clinical nutrition in inflammatory bowel disease state: “The review
panel and the other discussants do not hide their collective disappointment in the results of the
initial systematic review. It has proved remarkably difficult to provide evidence-based and
clinically useful conclusions”5.
Despite the uncertainty underlying professional recommendations regarding diet in
inflammatory bowel disease, most patients observe dietary restriction, with two-thirds of
respondents in one study reporting avoidance of their favourite foods in order to prevent
relapse6. In the context of poor quality evidence, but widespread practice, we hypothesised:
That patients with inflammatory bowel disease believe diet is an important influence on their disease and restrict
their dietary intake, but that clinicians provide a variety of advice (hypothesis 1).
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Diet and lifestyle are major determinants of body composition7,8, and malnutrition is a
significant contributor to depletions in lean mass and poor bone health, as well as reduced body
weight, in Crohn’s disease9. Conversely, over the past twenty-five years, an increase in the body
mass indices of Crohn’s disease subjects enrolled in therapeutic trials has been observed10,
mirroring an increase in overweight and obesity in the general population. In the trials
analysed, increased weight was associated with increased clinical activity scores and longer
disease duration.
A qualitative analysis of clinical practice and patient experience among participants in national
groups is described in this chapter of the thesis. Understanding a clinical situation from the
patient perspective, and obtaining a snapshot of current practice regarding diet and nutrition
in Australia were motivating factors in performing this study. We were interested to know the
extent to which members of Crohn’s and Colitis Australia believed diet contributed to the
pathogenesis and symptomatology of their inflammatory bowel disease, and the nature and
prevalence of dietary restrictions. We sought to determine whether any restrictions were based
on professional recommendations, and to ascertain links between diet, disease and body
composition measures such as self-reported weight and body mass index.
We also questioned clinicians: members of the Dietitians Association of Australia and the
Australian Inflammatory Bowel Disease Association provided responses detailing the advice
they provided to patients, and their beliefs regarding the role of diet in inflammatory bowel
disease. No previous study integrating the distinct viewpoints of patient and clinician regarding
diet in inflammatory bowel disease could be identified in the literature.
This chapter highlights the importance of an individualised approach to patient care, as most
patients did not feel that they and their treating clinicians shared similar concerns regarding
the role of diet.
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Abstract
Background: Diet and body composition play unclear roles in the pathogenesis, activity and symptoms of inflammatory bowel disease (IBD). Evidence-based guidance regarding dietary modification in IBD is lacking. We
aimed to determine the attitudes of IBD patients and clinicians to diet.
Methods: The present cross-sectional study comprised an online questionnaire distributed to members of a national IBD patient organisation, assessing demographics, anthropometry, disease phenotype and dietary beliefs.
Dietitians, gastroenterologists and surgeons were targeted for a similar questionnaire as a result of membership of national professional bodies.
Results: Nine hundred and twenty-eight patients (72.2% female; mean age
39.5 years; age range 5–91 years) responded. Two-thirds of the patients had
Crohn’s disease. The mean reported body mass index was 24.9 kg m–2 and
was significantly skewed to the right. Patients who had taken >10 courses of
steroids were had a greater probability of being overweight or obese, independent of disease complications. Most patients (71%) assumed that their
diet affected their IBD; 61% considered their IBD specialist disregarded the
importance of diet. Of the 136 clinicians who responded, the majority felt
that diet was a factor in symptoms and intestinal microbiota. More gastroenterologists (44%) than dietitians (17%) considered that diet had a role in the
pathogenesis of IBD (P = 0.003). Twenty-six percent of patients reported
receiving dietary advice from their IBD specialist, whereas 98% of gastroenterologists reported advice provision. Patients received diverse advice. Half of
the patients followed recommendations provided by a clinician.
Conclusions: The present study demonstrates that IBD patients consider
diet to be important in their disease. IBD clinicians from different disciplines have diverse views of the role of diet. Advice given to patients is
heterogeneous, often perceived as inadequate and poorly followed.

Introduction
Although exclusive enteral nutrition has been shown to
be effective in the induction of remission of Crohn’s disease (CD) (1,2), the role of diet and body habitus in the
pathogenesis and activity of inflammatory bowel disease
(IBD) is unclear. Protein-energy malnutrition was
reported to be prevalent in patients with IBD (3–7),
although recently published series (8–12) have shown a 10–
ª 2016 The British Dietetic Association Ltd.

55% prevalence of being overweight or obese in patients
with IBD. Obesity has been associated with the need for
earlier surgery (13) and faster disease progression (14) in
patients with CD. Intestinal dysbiosis is a known feature
of IBD, and reduced gut microbial gene richness is associated with obesity and inflammation; dietary interventions
were shown to increase bacterial gene richness (15,16).
A recent systematic review revealed a lack of clear, evidence-based guidelines regarding dietary modification in
1
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IBD (17). Some dietary interventions, such as a reduction
in fibre or fermentable carbohydrates, may provide symptomatic improvement, although evidence from studies of
dietary intervention is limited (18) because randomised
controlled trials in this area are lacking and blinding is
not possible.
Although there is evidence suggesting that IBD patients
consciously modify their diets (19,20), there is sparse literature available regarding the attitudes of treating clinicians
to the role that diet plays in IBD. In recently published
data, 80–89% of IBD patients considered dietary advice
to be important, although only 8–16% felt that their
treating clinician had provided sufficient information (21).
The present study aimed to determine the attitudes of
IBD patients, as well as clinicians who have frequent contact with IBD patients, regarding the role of diet in the
pathogenesis and symptomatology of IBD.
Materials and methods
An anonymous online questionnaire (Google Docs; Google
Inc., Mountain View, CA, USA) was advertised to members
of the Crohn’s and Colitis Australia mailing list. Members
of this large national patient support group (with a membership of 3916 in April 2015; personal communication)
(Dr Gregory Moore) were asked structured questions
regarding demographics, anthropometric data, their IBD
phenotype and treatment, and diet-related beliefs (Table 1;
see also Supporting infromation, Appendix S1).
A separate anonymous online questionnaire was distributed to members of the Australian Inflammatory
Bowel Disease Association (a section of the Gastroenterological Society of Australia comprising members nominating an interest in gastrointestinal tract infection and
inflammation) and the Dietitians Association of Australia
(Appendix S2).
Statistical analysis
A descriptive analysis was performed with Fishers exact
test being used to analyse differences between groups.
The D’Agostino & Pearson omnibus normality test was
used to assess normality of the continuous data series.
Questionnaires remained open for responses from August
to December 2012. Only valid responses to each question
were included in analyses. P < 0.05 was considered statistically significant.
Ethical considerations
The Southern Health (now Monash Health) Human
Research Ethics Committee approved the present study
(application 11264A).
2
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Table 1 Demographic details, diet-related beliefs and supplement
use of Crohn’s and Colitis Australia respondents
N
Female
Mean age (years)
Crohn’s disease
Ulcerative colitis
Montreal classification of Crohn’s disease
A1 (age <16 years)
A2 (age 17–40 years)
A3 (age >40 years)
L1 (ileal)
L2 (colonic)
L3 (ileocolonic)
L4 (isolated upper gastrointestinal)
B1 (not penetrating/stricturing)
B2 (stricturing)
B3 (penetrating)
Weight change subsequent to diagnosis
None
Loss
Gain
Believe weight change
as a result of IBD
Believe weight change
as a result of treatment
Believe weight contributes
to severity of IBD
Treatment
Azathioprine
Mercaptopurine
Methotrexate
No immunomodulator
Anti-tumour necrosis factor
Previous IBD surgery
Believe diet affects IBD
Believe IBD specialist
places importance in diet
Over the counter supplements
Vitamin D
Multivitamin
Calcium
Marine omega-3
Iron
Probiotics
Vitamin B
Vitamin C
Vitamin B12
Folic acid
Magnesium
Zinc
Glucosamine
Aloe vera, flaxeed oil,
slippery elm, evening primrose oil

%

648
72.2
39.5 (range 5–91, SD 15.0)
558
63.9
315
36.1
(41)

83
369
113
158
133
262
12
229
113
237

14.7
65.3
20.0
28.0
23.5
46.4
2.1
39.6
19.5
40.9

237
244
412
471

26.5
27.3
46.1
52.9

415

46.8

219

24.8

420
182
148
274
233
264
679
298

41.0
17.8
14.5
26.8
27.5
30.4
76.0
34.4

245
182
167
159
117
70
62
61
54
52
39
39
13

27.2
20.2
18.5
17.6
13.0
7.8
6.9
6.8
6.0
5.8
4.3
4.3
1.4
<1

% refers to the percentage of respondents to each particular
question. IBD, inflammatory bowel disease.
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Results
Patient responses
Demographics
There were 928 respondents (72% female; mean age
39.5 years; age range 5–91 years who) who replied to the
advertisement for patients with IBD, which is an estimated response rate of 24% (comprising an expected rate
of response for an e-mail-based survey without reminders
or incentives) (22,23). In total, 64% were identified as having CD and 36% were identified as having ulcerative colitis (UC) (Table 1).
Most patients described a disease duration of more than
5 years. Patients with CD had a self-reported mean body
mass index (BMI) of 24.7 kg m–2 (median 23.9 kg m–2,
SD 5.1 kg m–2); for patients with UC, the mean BMI was
24.9 kg m–2 (median 24.0 kg m–2, SD 5.6 kg m–2; difference not statistically significant). The distribution of BMI
values was asymmetrical, with a long tail to the right (skewness: CD 1.060; UC 1.247). A BMI <18.5 kg m–2, meeting
the World Health Organization definition of being underweight (24), was reported in 5.8% of respondents with CD
and 6.3% of subjects with UC (not significant).
Of the 366 (39%) patients with a BMI >25 kg m–2,
77% considered themselves as overweight, 22% as normal
weight and 1% as underweight.
Treatment for inflammatory bowel disease
Of the 44% of patients who gained weight subsequent to
their diagnosis of IBD, 67% considered the change to be
a result of treatment for IBD (Table 1). Overall, 55% of
respondents attributed a change in weight to treatment
(58% CD compared to 50% UC; P = 0.04) There was no
significant difference in BMI between the 39% who had
complicated CD (Montreal classification) and those who
did not. Patients who had taken more than 10 courses of
steroids were more likely [odds ratio 1.59 (range 1.14–
2.23)] to be overweight or obese [50.4%; BMI ≥25 kg m–
2
, mean (SD) 25.72 (6.04) kg m–2] than those who had
taken 0–3 courses of steroids [40.0%; BMI ≥25 kg m–2,
mean (SD) 23.67 (5.21) kg m–2] (P = 0.008). There was
no difference between types of IBD and proportion of
patients who had taken more than 10 courses of steroids
(25.9% CD, 26.2% UC; P = 0.933). More than half
(51%) of those patients reporting more than 10 courses
of steroids considered that they had gained weight subsequent to the diagnosis of IBD compared to 44% of those
who had taken fewer than three courses (P = 0.115).
There was no significant correlation between WHO classifications of BMI (underweight/normal weight/overweight/
obese) and rates of surgery for IBD, or the prevalence of
complicated (stricturing or penetrating) CD.

ª 2016 The British Dietetic Association Ltd.
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Dietary advice and beliefs
One quarter (26%) of patients reported receiving dietary
advice from their IBD specialist, whereas 98% of gastroenterologists reported providing dietary advice to
patients. The large majority (91%) of patients referred to
a dietitian by either their general practioner or specialist
had seen a dietitian compared to 46% of all respondents.
Significantly more CD patients than those with UC had
seen a dietitian (56.1% versus 40.8%; P < 0.001). There
was no difference in perception of diet (as either healthy
or as requiring improvement) between patients who had
seen a dietitian and those who had not. Patients who had
seen a dietitian were more likely to consider that diet
affected their IBD (81.4% versus 72.4%; P = 0.002) Half
(50%) of patients reported following dietary advice provided by a clinician. Supplement or vitamin use was more
prevalent among patients who had seen a dietitian
(76.2% versus 69.1%; P = 0.025) or a naturopath (81.5%
versus 70.8%; P = 0.005). Familiarity with a low FODMAP diet (fermentable, oligo-, di-, mono-saccharides and
polyols) was reported by 38% of patients; the proportion
was twice as high in patients who had seen a dietitian as
those who had not (P < 0.001). Three-quarters (72%)
had used (or were aware of) probiotics (Fig. 1). Almost
half of the patients had knowledge of a low residue diet;
there was no significant difference in awareness between
patients with stricturing disease and those without.
Most patients (71%) considered that diet affected their
IBD, with symptoms being worsened by spicy foods in
more than half of respondents; high fibre foods, dairy
and nuts were similarly implicated. Avoidance of particular foods was more common in patients who had surgery
for IBD (84.5% versus 77.1%; P = 0.033), with a rate of
93% amongst patients reporting stricturing disease. Food
avoidance rates did not differ between CD and UC
patients.
The majority (61%) of respondents felt their IBD specialist did not place importance in the role of diet, with
significantly fewer UC patients than CD patients considering this to be the case (38.2% versus 26.7%; P < 0.001).
Responses from clinicians
The clinician survey was completed by 136 practitioners
(including 46 gastroenterologists, 12 surgeons and 73
dietitians; response rates not defined). Half (49%) of the
respondents spent less than 10% of their working time
with IBD patients. However, the proportion of working
time spent on IBD by the respondent gastroenterologists
was significantly higher: 39% reported this occupying
more than half of their time, with a further 24% reporting one quarter to half their time being occupied.
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82%
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82%

Diet for IBD symptoms/activity
Low oxalate diet
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Omega-3 fatty acids
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Figure 1 Dietary advice provided by clinicians and received by patients. FODMAP, fermentable, oligo-, di-, mono-saccharides and polyols; IBD,
inflammtory bowel disease.

Most (79%) respondents felt that less than one quarter
of their IBD patients were overweight or obese. The
majority of clinicians felt that diet was a factor in symptoms (94%; 99% of dietitians) and intestinal microbiota
(79%; 52% of dietitians); more gastroenterologists (44%)
than dietitians (17%) considered diet to have a role in
the pathogenesis of IBD (P = 0.003). Eighty-two percent
of clinicians had advised dietary measures with regard
weight loss or gain (Fig. 1), with 72% addressing specific
micronutrient deficiencies and 60% providing education
about FODMAPs. By contrast to the majority opinion of
the patient group, 42% of clinicians considered that they
held similar views to their patients regarding the role of
diet.
Discussion
The role of diet in IBD may be considered in terms of
pathogenesis, symptomatology and nutritional deficiency
as a result of malabsorption or dietary restriction.
An analysis of practice guidelines from large dietetic
and gastroenterology societies and patient support associations in the USA, Europe and Japan revealed that advice
to clinicians regarding micronutrient supplementation
was common, although recommendations regarding
screening for deficiency varied. Dietary modifications also
varied, with common themes of reducing fibre
4

consumption during disease activity and avoidance of
dairy if lactose intolerant, although some guidelines suggest the need for a reduction in excess fat, as well as
excess or fermentable carbohydrates (25). This diversity in
practical advice was reflected in the responses provided
by professionals in the present study.
Although enteral nutrition is an effective treatment for
CD, a recent comprehensive review has identified an
absence of published data regarding its use in UC (2). It is
not established that the role of diet is different in these
types of IBD. We aimed to determine variances in attitude or experience between CD and UC patients. For the
majority of categorical and continuous variables identified, there was no significant difference. The only identified distinctions between patient groups were: a higher
proportion of CD patients considering a change in their
weight was a result of IBD treatment, a lower rate of UC
patients having seen a dietitian, and CD patients more
often considering that their specialist places importance
in the role of diet.
Previous studies have demonstrated the high importance patients with IBD place on the role of diet. In a series of patients surveyed on admission to a French IBD
unit, diet was felt to be an initiating factor in the development of IBD by 15.6%, whereas 57.8% considered that
food could cause a relapse (19). A larger proportion of
patients in the present study (76%) felt that diet affected
ª 2016 The British Dietetic Association Ltd.
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their IBD but, in both studies, over 70% had received
dietary advice, and a majority had modified their diets to
avoid a disease relapse. The idea that diet played an
important role in IBD was more prevalent among
patients who had seen a dietitian; this may be either
cause or effect. Vitamin or supplement use was higher in
patients who had sought dietetic or naturopathic advice.
Qualitative analysis in our Australian cohort found that
spicy foods, high fibre, dairy and nuts were implicated in
worsening symptoms. A variety of foods were considered
to contribute to symptoms and these were similar to
those reported in another study implicating spicy foods,
fat, raw fruits and vegetables, and carbonated beverages
(19)
. A structured dietary questionnaire administered to a
well-described cohort of New Zealand CD patients did
not consistently identify foods that were beneficial or
detrimental; curry was the most generally detrimental
food, and fish, banana and yoghurt were among the most
commonly reported beneficial foods (26). Similar results
in terms of dietary preferences were seen in an Internetbased cohort of 2329 American IBD patients (20) and a
single-centre survey of CD patients (27). Yoghurt, bananas,
fish and potatoes were among several foods identified as
being beneficial in a novel study analysing the diet of
subjects with UC in the week prior to a grading sigmoidoscopy; beneficial foods were considered to be those
consumed in higher proportions in subjects with low
endoscopic activity indices (28). We found that previous
surgery for IBD and stricturing disease were associated
with higher incidences of food avoidance.
Dietary restrictions and modifications may lead to suboptimal micronutrient intake. In a study of ambulatory CD
patients, diet analysis revealed less than the recommended
levels of folate (in 100% of subjects), vitamin C (approximately 40%), vitamin E (almost all subjects) and calcium
(approximately 90%) (6), despite an adequate energy
intake, normal BMI and mild disease activity. In another
cohort, 40–90% of IBD patients had vitamin levels <15th
centile of normal (29). Similar results have been published
with respect to a Canadian IBD outpatient population (30).
British patients with UC demonstrated poor adherence to
healthy-eating guidelines, although, during flares and treatment, they generally avoided contraindicated foods (31). In
our patient group, awareness of dietary restrictions may
explain the widespread (68%) use of supplemental vitamins, minerals or herbal extracts (Table 1).
A significant proportion of patients reported knowledge
of diets low in FODMAPs, with 9.2% of respondents using
a free text field in the survey to comment on the utility of
this diet. Familiarity with this diet was much higher among
patients who had seen a dietitian, and this may reflect Australian clinical practice because a majority of clinicians
reported providing advice about FODMAPs. There is an
ª 2016 The British Dietetic Association Ltd.

IBD patients and clinicians differ on diet

evidence basis for this advice: when a recall questionnaire
was used in a cohort of IBD patients, it appeared that a
reduction in the intake of FODMAPs reduced abdominal
symptoms such as pain, diarrhoea, bloating and wind (32).
It has been postulated that increased FODMAP intake in a
changing Western diet may explain the rising incidence of
CD, implicating diet in disease pathogenesis (33). Aside
from the disease-specific effects of these fermentable carbohydrates, their consumption is strongly associated with
worsening symptoms of irritable bowel syndrome (34),
which is a condition that is two- to three-fold more prevalent in IBD patients in long-term remission than in the
general population (35), although such symptoms may represent occult inflammation (36). Quality of life improved in
a small study evaluating the use of a ‘half elemental diet’ in
CD patients in remission (37); whether this is the result of a
reduction in FODMAP consumption is uncertain. A recent
systematic review found very little good-quality evidence
regarding the use of indigestible carbohydrates in CD (38).
In a randomised controlled study of fibre supplementation
in patients in remission from UC, gut transit time was
altered by resistant starch and wheat bran consumption,
whereas carbohydrate fermentation and short-chain fatty
acid production were unchanged (39). Similarly, a low
FODMAP diet caused a reduction in total bacterial abundance, no effect on relative abundance of bacterial groups
with putative health benefits and no effect on increased faecal butyrate excretion (40).
Despite a systematic review showing a reduced BMI in
37% of CD patients and 20% of UC patients (41), the
self-reported incidence of an underweight BMI in this
large Australian cohort was similar to that reported in the
2011–2012 Australian National Health Survey; rates of
being overweight or obese were only slightly lower. The
self-reported mean BMI for the general Australian population was 27.9 kg m–2 for men and 27.2 kg m–2 for
women (42). Steroid use was associated with increased
weight, suggesting a drug-related effect because complicated disease in itself was not associated with a significant
difference in weight. A high degree of knowledge of CD
biology and relevant anatomy has been demonstrated in
members of a patient support group (43), providing some
validation to responses regarding disease phenotype and
treatments in our cohort.
A strength of the present study is the large number of
individual responses from members of a national association, matched with clinicians treating the same population. In this patient group, a wide variety of opinions
regarding diet existed, and knowledge regarding probiotics, omega-3 fatty acids, low residue and low FODMAP
diets was prevalent. However, adherence to dietary advice
was poor. This may reflect a lack of efficacy or a paucity
of firm evidence.
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Conclusions
This present study emphasises that IBD clinicians from
different disciplines have diverse views of the role of diet
in IBD; for example, gastroenterologists are significantly
more likely to place importance in the role of diet in the
pathogenesis of IBD. The advice given to patients is
heterogeneous, often perceived as inadequate and poorly
followed. Further work in this field is needed to provide
an evidence base from which to offer the guidance that
patients expect.
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8. What

Supplemental material

is

the

location

of

your

inflammatory bowel disease?
i. Ulcerative colitis of any

PATIENT IBD & DIET QUESTIONNAIRE

extent
ii. Crohn's Disease of the

1. What is your age?

ileum
iii. Crohn's Disease of the

2. What is your gender?

colon

i. Male

iv. Crohn's Disease of the

ii. Female

ileum and colon

3. What is your height in centimetres?

v. Crohn's Disease of the
upper

4. What is your weight in kilograms?

gastrointestinal

tract
5. Can

you

identify

your

type

of
9. Have you experienced any of the

inflammatory bowel disease?
i. Crohn's Disease

following complications of Crohn's

ii. Ulcerative Colitis

Disease?
i. Stricture

iii. Other:

ii. Abscess, fistula
iii. Neither, but I have

6. How many years have you had

Crohn's Disease

inflammatory bowel disease?

iv. I do not have Crohn's

i. 0-2 years

Disease

ii. 2-5 years
iii. 5-10 years
10. Since

iv. >10 years

your

diagnosis,

what

has

happened to your weight?
7. At what age were you when your
inflammatory

bowel

disease

was

(ie. compare your weight now to your
weight at diagnosis)
i. I have gained weight

diagnosed?
i. Younger than 16 years

ii. I have lost weight

ii. Between 17 and 40

iii. My weight is the same

iii. Older than 40
11. Do you believe any change in weight is
due to inflammatory bowel disease?
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i. Yes

i. Yes

ii. No

ii. No

iii. N/A
18. Have you received steroids in the past
12. Do you believe any change in weight is
due to treatment for IBD?

year? (Steroids include medicines like
prednisolone and hydrocortisone)

i. Yes

i. Yes

ii. No

ii. No

iii. N/A
19. How many times have you received
13. Do

you

feel

that

your

weight

steroids in the past?

contributes to the severity of your

i. 0-3

inflammatory bowel disease?

ii. 4-5

i. Yes

iii. 6-10

ii. No

iv. >10

14. How do you feel about your weight at
the moment?

20. Have

you

been

Azathioprine,

i. Underweight

treated

Mercaptopurine

with
or

Methotrexate?

ii. Normal weight
iii. Overweight

21. You may choose more than one option
i. Azathioprine

15. Do you believe that your diet affects
your inflammatory bowel disease?

ii. Mercaptopurine
iii. Methotrexate

i. Yes

iv. None of these

ii. No
22. Have you been treated with Infliximab
16. If you believe that diet affects your

or Adalimumab?

inflammatory bowel disease, what role

i. Yes

do you believe it has?

ii. No

17. Do

you

believe

that

your

gastroenterologist/IBD specialist places
importance in the role of diet?

23. Have you had surgery for inflammatory
bowel disease?
i. Yes
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ii. No

31. Has your specialist given you dietary

24. If you have had surgery, please describe
your understanding of the extent of

advice, or referred you to a dietitian?
(you may select more than one option)

bowel removed...

i. My specialist has given
me dietary advice

25. Do you take any dietary supplements or

ii. My

vitamins?

specialist

has

referred me to a dietitian
i. Yes

iii. Neither of the above

ii. No
32. Has your general practitioner given you
26. If you do take dietary supplements or
vitamins, which do you take?

dietary advice, or referred you to a
dietitian?

27. Are there particular foods that you
avoid?

33. (you may select more than one option)
i. My general practitioner

i. Yes

has given me dietary

ii. No

advice
ii. My general practitioner

28. If there are particular foods that you
avoid, what are they?

has referred me to a
dietitian
iii. Neither of the above

29. What do you think of your diet?
i. Healthy

34. Have you seen a dietitian?

ii. Could be improved

i. Yes
ii. No

30. How

often

do

you

see

your

gastroenterologist/IBD specialist?
i. Never

35. Have you received dietary advice from
another health practitioner?

ii. Yearly or less often

i. Yes, from a naturopath

iii. Every 6 to 12 months

ii. Yes,

iv. More often than every 6
months

from

another

health practitioner
iii. No
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36. Have you followed dietary advice given
to you by any of these health
practitioners?
i. Yes
ii. No
37. If you have followed advice, what
advice have you followed - and why?
38. Was there advice you did not follow?
What was that, and why did you not
follow it?
39. Of which of the following do you have
some

knowledge

or

personal

experience?
i. Low FODMAP diet
ii. Low residue diet
iii. Probiotics
iv. Prebiotics
v. Low fructose diet
vi. Low oxalate diet
vii. Elemental diet
viii. Omega-3 fatty acids
ix. Enteral

feeding

as

treatment for Crohn's
Disease
40. If you have followed one of the above
dietary modifications, please describe
which, and whether you found it useful.
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Clinician questionnaire - diet & IBD
4. Do you believe diet has a role in any
1. What type of clinician are you?
Multiple answers possible

of

the

following

aspects

of

inflammatory bowel disease?

i. Gastroenterologist private practice

5. Multiple answers possible

ii. Gastroenterologist public

±

i. Pathogenesis

private

ii. Symptoms

practice

iii. Complications

iii. Surgeon

iv. Intestinal

iv. General physician

microbiota

v. General practitioner

v. Response

vi. Dietitian

to

treatment

vii. Adult
viii. Paediatric

6. What

ix. Other

proportion

inflammatory

of

bowel

your
disease

patients are overweight or obese?
2. What proportion of your working

i.e. body mass index >25

time is spent with patients with

i. 0-10%

IBD?

ii. 10-25%
i. 0-10%

iii. 25-50%

ii. 10-25%

iv. 50-75%

iii. 25-50%

v. >75%

iv. >50%
7. Do you counsel patients on the
3. For how many years have you been

following?

at your current level of practice?

Multiple answers possible: tick

(eg.

whichever you regularly explicitly

specialist

gastroenterologist/surgeon/general
practitioner, etc)

discuss with patients
i. Diet with relation to

i. 0-5

Inflammatory Bowel

ii. 5-10

Disease

iii. 10-20

symptoms/activity

iv. >20
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ii. Diet with relation to

8. Do

you

believe

obesity

weight loss or weight

significant

effects

on

gain

Disease? Please briefly describe.

has

Crohn's

iii. Diet with relation to
particular
micronutrient

9. Do you believe you and your

requirements/defici

patients generally have similar views

encies

of the role of diet in Inflammatory

iv. Recommendation of

Bowel Disease?

nutritional

i. Yes

supplements

ii. No

v. Recommendation of
probiotics

10. If you believe that your views and

vi. Recommendation of
prebiotics

regard to the role of diet in

vii. Role of short-chain
carbohydrates/simp
le

sugars

lactose,

those of your patients differ in
Inflammatory bowel disease, please
detail the major difference

(e.g.

fructose,

FODMAPs)
viii. Dietary fats
ix. Dietary oxalate
x. Cardiovascular risk
factors
xi. Protein intake
xii. Bone health advice
xiii. Enteral
feeding/elemental
diet
xiv. Oral

iron

replacement
xv. Intravenous

iron

replacement
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Summary and discussion
The findings of the survey were frequently consistent with published literature in this field, but
offered a contemporary view of dietary practice for inflammatory bowel disease patients and
clinicians in Australia. Widespread knowledge regarding the use of a low FODMAP
(fermentable oligosaccharides, disaccharides, monosaccharides and polyols) may be specific to
an Australian cohort due to the local development and publication of this dietary intervention1113.

Obesity and overweight were less prevalent than in the general Australian population, but

were associated with higher cumulative steroid exposure. Unlike some cross-sectional and
cohort studies identified in the systematic review, we did not find an association between obesity
and rates of surgery or prevalence of complicated Crohn’s disease.
Hypothesis 1 (That patients with inflammatory bowel disease believe diet is an important influence on their
disease and restrict their dietary intake, but that clinicians provide a variety of advice) was supported by this
qualitative research: approximately three-quarters of patients believed that diet affected their
inflammatory bowel disease and a similar proportion avoided certain foods. Clinicians reported
providing a variety of advice, with a minority considering diet a pathogenic factor.
A limitation of this study was the absence of a question regarding the prevalence of body
composition testing – whether by routine measurement of height and weight (six-monthly
documentation of which is mandatory for prescribing biologic drugs for Crohn’s disease in
Australia), or by more involved methods such as anthropometry or DXA. Adherence to
guidelines recommending periodic DXA14 in this population-based cohort would be of interest.
The use of categorical variables allowed multiple comparisons between different groups, with
many analyses not included in the final manuscript.
Modifications to the paper were implemented after peer review, including the omission of some
analysis of qualitative data. For example, when patients were asked whether they avoided
particular foods, 71% of patients responded: the foods most avoided were represented by a
word cloud analysis (Figure 3.1)
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Figure 3.1 Pictorial representation of the frequency with which culprit foods were named in response to a question regarding food avoidance; word size
is proportional to number of responses (wordle.net)

We are grateful to the membership and organisers of the national bodies involved (Crohn’s and
Colitis Australia, the Dietitians Association of Australia and the Australian Inflammatory Bowel
Disease Association) for their generosity in responding to this questionnaire and for allowing its
distribution.
The information received demonstrates a wide variety of belief and dietary practice among
patients and clinicians, and emphasises a lack of uniform guidance. The patient perception that
clinicians give inadequate consideration to diet may prompt researchers and professional
bodies to develop a satisfactory, individualised, approach to the role of diet in inflammatory
bowel disease.
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Chapter 4: Body composition analysis using abdominal
scans from routine clinical care in patients with Crohn's
Disease
Introduction and context
This chapter describes the methodology used to perform body composition analysis for the
subsequent component papers of the thesis. While weight and height provide information about
nutrition, and have been used to determine drug doses in Crohn’s disease, they are relatively
insensitive for detecting significantly low muscle mass1 and low cell mass2 – which have
important negative prognostic implications in inflammatory diseases, and may affect drug
metabolism. More accurate body composition analysis generally requires dedicated testing,
using techniques that may not be accessible, or involve exposure to ionising radiation3.
The principle that measurement of tissue areas at a single abdominal cross-section correlates
well with total body fat mass and fat-free mass had been validated in other patient groups4-7
but not in Crohn’s disease. We hypothesised that validation of these techniques would be
successful in Crohn’s disease patients (hypothesis 2: That cross-sectional abdominal imaging obtained
by computed tomography (CT) and magnetic resonance imaging (MRI) during routine clinical care for patients
with Crohn’s disease allows accurate estimation of body composition parameters). As most Crohn’s disease
patients have abdominal scans performed as part of routine clinical care8, a potential trove of
data may be available if the technique is valid in this circumstance. Significantly, this would
allow incorporation of retrospective body composition analysis into many existing clinical
studies.
From clinical databases, patients who had both whole-body DXA and cross-sectional imaging
with CT or MRI were identified. Standard techniques were used to measure the tissue areas,
and regression analysis employed to determine relationships between CT or MRI and DXA
results. We sought to define a single abdominal level which had the greatest predictive value
for estimation of total body fat mass and fat-free mass. We were also interested in the prevalence
of osteoporosis and significantly low muscle mass in this cohort
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ABSTRACT

Objective: Crohn’s Disease is associated with body composition changes, which have important treatment and prognostic implications. Measurement of body composition usually requires dedicated scanning or measurement, with retrospective analysis of existing datasets impossible. We sought to
determine whether single slice analysis of abdominal scans, obtained during routine clinical care, in
patients with Crohn’s Disease accurately predicts body composition compartments.
Materials and methods: Abdominal CT images of patients with Crohn’s disease were analyzed and
comparison was made with total body fat-free mass, total body fat mass, femoral neck t-score, and
other parameters reported from DXA, the reference method.
Results: Thirty-seven subjects were identified, 15 male and 22 female, with a mean age of 43.8 years.
There was significant correlation (Pearson r ¼ 0.923, p < 0.001) between skeletal muscle area from CT
and total fat-free mass measured by DXA. Similarly, total body fat mass correlated strongly (r ¼ 0.928,
p < 0.0001) with subcutaneous fat area. In this cohort of ambulatory Crohn’s Disease patients, low
muscle mass/sarcopenia was prevalent and predictive of lower bone mineral density.
Conclusions: Fat mass, fat-free mass, and appendicular skeletal muscle index can be predicted by analysis of a single CT slice in patients with Crohn’s Disease. Similar to published data from healthy subjects, the L3 vertebral body level provided the most robust correlation with most parameters. This study
represents the first published use of routinely obtained abdominal imaging to demonstrate this relationship – and to predict body composition components – in patients with inflammatory bowel disease.

Introduction
Crohn’s Disease is a gastrointestinal inflammatory condition
associated with malnutrition,[1–4] lower bone mineral density,[5] lower body mass index (BMI), and lower fat-free mass
(FFM).[6] Body weight, weight loss, and BMI are insufficiently
sensitive to assess FFM.[7,8] In clinical practice, the most
accessible [9] and accurate [10] means of determining these
body composition compartments is whole body dual-energy
X-ray absorptiometry (DXA).
Despite recommendations that patients with inflammatory
bowel disease (IBD) undergo regular DXA for monitoring
bone mineral density (BMD),[11] screening prevalence is low:
approximately one in five patients.[12] However, abdominal
computed tomography (CT) scans are often obtained as part
of routine care of Crohn’s Disease for assessment of disease
complications or activity.[13]
In other disease states, such as cancer [14] and obesity,[15]
analysis of single slice abdominal CT or magnetic resonance
imaging (MRI) images at the level of the third lumbar vertebra (L3) has been shown to highly correlate with FFM as
determined by DXA. This correlation has not previously been
described in patients with inflammatory bowel disease.
Similarly, evaluation of intra-abdominal fat area in a single
CT or MRI slice at the level of the L4–5 intervertebral disc has
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been shown to correlate highly with total visceral adipose tissue volume.[14,16–18] The use of single-slice abdominal scans
to estimate total body skeletal muscle, visceral adipose tissue
and subcutaneous adipose tissue as measured by total body
MRI scan has shown that the L3 level provides the most
robust single scan for estimating all parameters.[19]
We sought to determine whether single slice analysis of
CT scans at the L3 and L4–5 levels, obtained as part of routine clinical care in patients with Crohn’s Disease, was able to
predict body composition compartments with accuracy.

Materials and methods
Patients who had CT scans (Discovery CT 750HD, GE
Healthcare, Little Chalfont, UK) and total body DXA (GE Lunar
Prodigy, GE Healthcare, Little Chalfont, UK) performed within
a 12-month period as part of routine clinical care at a single
tertiary health care service (Monash Health, Victoria, Australia)
were retrospectively identified by a search of radiology and
clinical databases, with a diagnosis of Crohn’s disease confirmed by chart review. CT DICOM (Digital Imaging and
Communications in Medicine) images at the L3 and L4–5 levels were analysed for body composition by a single experienced operator using SliceOmatic 4.3 (TomoVision, Montreal,

Department of Gastroenterology & Hepatology, Monash Health, 246 Clayton Road, Clayton,
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Canada) according to previously described techniques,[14] and
comparison was made with total body FFM, total body fat
mass, appendicular skeletal muscle index (ASMI) (lean tissue
mass in arms and legs normalised to height [kg/m2]), femoral
neck t-score, and other parameters reported from DXA.

Downloaded by [Monash University Library] at 20:39 09 June 2016

Statistical analysis
Pearson correlation coefficients were calculated and multivariate linear regression analysis was performed. Variables
included for linear modelling included basic demographic and
anthropometric information (age, gender, height, and weight)
and the CT measurement with highest correlation to the DXAmeasured body composition compartment being estimated.
When individual values were missing from the dataset, subjects were excluded from the relevant analysis. Akaike’s information criteria [20] were used to discard variables from linear
modelling. A Bland–Altman plot was used to evaluate bias and
trend of predicting FFM and FM from cross-sectional images
compared to DXA measurements. A p value of less than 0.05
was considered significant. GraphPad Prism 6 (GraphPad
Software, La Jolla, CA) and R version 3.1.2 (The R Foundation
for Statistical Computing, Vienna, Austria) were used.

Ethical considerations
This research was approved by the Monash Health Human
Research Ethics Committee (project number 11264A).

Results
Thirty-seven subjects were identified, 15 male and 22 female,
with a mean age of 43.8 years (Table 1).
CT scans were obtained for a variety of clinical indications
(Table 1).
There was significant correlation (Pearson r ¼ 0.924,
p < 0.001) between the L4–5 skeletal muscle area from CT
and total FFM as measured by DXA (Figure 1A); the correlation was equally strong at the L3 level (Table 2). The median
time between CT and DXA scans was 21 days; there was no
correlation between the interval between scans and the difference between predicted (CT) and measured (DXA) lean tissue mass (r " 0.124, p 0.520).
Similarly, total body fat mass showed a high degree of correlation (r ¼ 0.928, p < 0.0001, n 37) with subcutaneous fat
area at an L3 level; correlation was equally strong at the L4–5
level (Figure 1B).
A formula previously described by Mourtzakis, and referenced by Baker,[14,15] for CT-derived FFM was able to predict
DXA FFM in this patient group (R2 0.852, p < 0.0001).
Likewise, DXA-measured ASMI was predicted by Mourtzakis’
formula using measurement of skeletal muscle area at the L3
level (R2 0.730, p < 0.0001).
In these two previously published studies, a statistically
significantly older and heavier patient cohort was studied. To
ascertain whether closer prediction of DXA measures of body
composition may be possible in this Crohn’s Disease patient
cohort, multivariate linear modelling was used.
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Table 1. Characteristics of the study cohort.
SEM
Number (n)
Age (years)
Male
Female
Female (n)
Mean weight (kg)
Male
Female
Indication (n)
Active intestinal inflammation
Pain; no radiological abnormality
Body composition study
Postoperative
Small bowel obstruction
without active inflammation
No data available
Pyrexia of unknown origin
Pyelonephritis
Mean BMI (kg/m2)
Male
Female
Mean FFM by DXA (kg)
Male
Female
Mean ASMI by DXA (kg/m2)
Male
Female
Mean L3 skeletal muscle area (cm2)
Male
Female
Mean L4–5 skeletal muscle area (cm2)
Male
Female
Mean L3 visceral adipose tissue area (cm2)
Male
Female
Mean L3 subcutaneous adipose tissue area (cm2)
Male
Female
Mean L4–5 visceral adipose tissue area (cm2)
Male
Female
Mean L4–5 subcutaneous adipose tissue area (cm2)
Male
Female

37
43.8
41.1
44.7
22
67.2
78.4
59.1

p (t-test male
vs. female)

2.6
3.5
3.7

0.482

3.6
6
3.6

<0.001

9
6
6
5
5
4
1
1
23.9
26.1
22.4
46
58.5
38.4
6.6
7.81
5.49
128
161.9
104.8
123.9
158
99.5
97
129.6
74.8
171.9
182
165
92.8
111.6
79.3
218.7
234.4
207.6

1
1.8
1.2
2.3
3.1
1.5
0.4
0.49
0.19
7.5
11.8
6.1
7.3
11.2
5
14.4
28.3
13.1
18.8
30.2
24.5
10.7
21.2
9.7
23.5
39.3
29.5

0.103
<0.001
<0.001
<0.001
<0.001
0.09
0.66
0.18
0.59

To ascertain and test a specific formula in this setting, subjects were randomly assigned into either a formula-finding
cohort (n 19) or a validation cohort (n 18). From the formulafinding cohort, a model incorporating age, gender, weight,
height, and skeletal muscle area at L3 level was tested. Using
Aikaike’s information criteria, weight was discarded. The
resulting formula predicted measured FFM from DXA with R2
of 0.9301, p < 0.0001.
!
"
Fat " free mass ¼ 0:11687 # L3 skeletal muscle area in cm2
þ ð0:12883 % age in yearsÞ
þ ð34:64221 % height in mÞ
þ ð4:6485 if male genderÞ " 35:18862

In the validation cohort, this formula had an R2 of 0.918,
p < 0.0001 (Figure 1C).
A Bland–Altman plot of the resulting predicted measures for
the entire dataset (Figure 2A) suggests that at larger values of
FFM, this formula may tend to underestimate the actual value
(Pearson r of average vs. difference 0.589, p < 0.001), although
the bias (þ0.005, SD 4.446) is small.
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Figure 1. (A) Fat-free mass measured by DXA is predicted by CT-derived skeletal muscle area (R2 ¼ 0.85 for both series of measures, p < 0.0001, n ¼ 29). (B) CT measurement of subcutaneous fat area at either of two levels predicts total body fat mass by DXA (R2 ¼ 0.85–0.86, p < 0.001, n ¼ 37). (C) Fitting a derived model of estimating fat-free mass to the validation cohort. (D) Fitting a model for estimating fat mass to the validation cohort.
Table 2. Correlation between CT measurements and DXA-derived parameters
(the CT level and area of interest with the highest degree of correlation to DXA
parameter in bold type).
L3
Parameter
FFM
Fat mass
% fat
ASMI
LTM
Lumbar spine t
Femoral neck t

L4–5

Pearson r

p

Pearson r

p

0.923
0.928 (SAT)
0.866 (SAT)
0.87
0.923 (muscle)
0.500 (VAT)
0.651 (muscle)

<0.001
<0.001
<0.001
<0.001
<0.001
0.002
<0.001

0.924 (muscle)
0.921 (SAT)
0.836 (SAT)
0.906 (muscle)
0.921 (muscle)
0.365 (VAT)
0.633 (muscle)

<0.001
<0.001
<0.001
<0.001
<0.001
0.029
<0.001

SAT: subcutaneous adipose tissue; VAT: visceral adipose tissue; muscle: skeletal
muscle.

From the formula-finding cohort, a model incorporating
age, gender, weight, height, and subcutaneous adipose tissue
area at L3 level was tested. No variables were excluded after
use of Aikaike’s information criteria. The resulting formula predicted measured fat mass from DXA with R2 of 0.942,
p < 0.0001.
Fat mass
!
"
¼ 0:03377 % L3 subcutaneous adipose tissue area in cm2
" ð0:16216 % age in yearsÞ
" ð6:16599 if male genderÞ
" ð24:29556 % height in mÞ

þ ð0:57833 % weight in kgÞ þ 26:49794

In the validation cohort, this model had an R2 of 0.930,
p < 0.0001 (Figure 1D).

A Bland–Altman plot (2B) of the difference between predicted fat mass and measured fat mass vs. the average
between the two values demonstrated small bias ("0.76, SD
4.32) and did not reveal a trend (p ¼ 0.237) towards systematic difference.

Bone mineral density
8.3% of subjects had a lumbar spine t-score < "2.5; 14.3%
had a femoral neck t-score < "2.5. There was a strong correlation between L3 skeletal muscle area and femoral neck BMD
(Pearson r 0.746, p < 0.001), total body BMD (r 0.651,
p < 0.001) and a weaker – although statistically significant –
correlation with lumbar spine BMD (r 0.355, p 0.031). All subjects with femoral neck osteoporosis had lower than median
skeletal muscle area.

Sarcopenia
Low muscle mass was prevalent in this cohort. 45.4% of male
subjects and 50% of female subjects had a DXA-measured
ASMI more than two standard deviations below a young
adult population mean, as previously defined.[21] Although
the LTMI formula of Mourtzakis had poor sensitivity and specificity for detection of DXA-measured sarcopenia in this
cohort (AUROC 0.76, p 0.08), we sought to determine whether
multivariate linear regression would find a more accurate
model: [LTMI ¼ (0.0247 % L4–5 skeletal muscle area in cm2) þ
(0.01879 % weight in kg) " (3.47054 % height in m) þ (0.89309
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Figure 2. (A) Bland–Altman plot showing the difference between predicted values of fat-free mass and values measured by DXA against the average of the two values with 95% confidence intervals, and linear regression (R2 ¼ 0.347, p < 0.001). (B) Bland–Altman plot showing the difference between predicted values of fat mass
and values measured by DXA with 95% confidence intervals. (C) Predicted FFM vs. measured FFM in men and women, with linear regression. (D) Predicted fat mass
vs. measured fat mass in men and women.

if male gender) þ 7.6514] have improved sensitivity and specificity (AUROC 0.86, p 0.02).

Obesity
Thirty-nine percent subjects had a BMI greater than 25 kg/m2
and 19% greater than 30 kg/m2. The prevalence of sarcopenic
obesity, defined as a BMI (30 kg/m2 in conjunction with an
ASMI <2 SD below young adult mean, was low: only one subject fulfilled these criteria.

Longitudinal studies
A small number of identified subjects had repeated paired
scans available for comparison, and in some subjects, changes
in body composition had occurred. While only one pair of
scans from each subject was included in the main dataset,
repeated measurements were analysed with one-way ANOVA
to determine that there was no variation in the mean difference between observed measures of skeletal muscle area by
DXA and CT-predicted measures (p ¼ 0.677).

Male vs. female
While significant differences in body composition existed
between male and female subjects (Table 1), the formula for
predicting fat mass showed equal applicability in male and
female subjects (Figure 2C and D), with linear regression analysis demonstrating no significant difference between the

lines (p ¼ 0.275). However, the formula for predicting FFM
demonstrated a difference between the observed and predicted values in male and female subjects that was of statistical significance (p ¼ 0.009). Despite a high degree of
accuracy in both genders, model prediction of FFM was
slightly better in male subjects (R2¼0.902) than female subjects (R2¼0.885).

Discussion
Analysis of body composition and identification of low FFM
may have important implications for prognosis and treatment
of patients with IBD and yet, such screening does not form a
part of treatment algorithms or recommendations from professional bodies.
A recent systematic review of body composition studies in
inflammatory bowel disease found that body composition
parameters often varied from population norms, but that
detailed analyses and outcome data were scarce;[8] the
authors recommend further investigation and publication of
better quality data to ascertain the role of body composition
analysis in clinical practice.
Sarcopenia – defined as the condition of low muscle
mass, strength, and/or function [22] – is prevalent in
Crohn’s Disease,[8,23–25] with inflammatory cytokines such
as tumour necrosis factor alpha (TNF) implicated.[26,27] The
TNF antagonist infliximab reverses sarcopenia in Crohn’s
Disease [25]; early cachexia may also be amenable to treatment of underlying inflammation, nutritional support, orexigenic agents, and exercise.[28–30] In a case-control
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study,[24,31] Crohn’s Disease patients in clinical remission
were three times more likely than healthy controls to have
sarcopenia, as defined by an ASMI more than one standard
deviation below the young adult mean measured by whole
body DXA. Screening for sarcopenia in inflammatory bowel
disease may enable more aggressive, and perhaps more
effective, early therapy.
Steroid exposure and body composition parameters such
as weight, skinfold thickness, BMI, muscle strength, skeletal
muscle mass, and ASMI have been associated with altered
BMD in patients with IBD.[23,32] Osteopenia has been
reported as having a 50% prevalence in patients with Crohn’s
Disease,[33] with osteoporosis in 30%; a systematic review
has shown that 87% of Crohn’s Disease patients have a significant reduction in BMD measured by DXA compared to
controls.[8] In the patient group reported in our study, a
lower incidence of osteoporosis and osteopenia was found,
but there was significant correlation between CT measures of
body composition and BMD.
Many studies show a reduction in BMI and reduced fat
mass in Crohn’s disease compared with the general population,[6,34] and in this cohort, rates of overweight and obesity
were less than the Australian population (63.4% self-report a
BMI > 25 kg/m2).[35]
Axial CT slices at the L3 level and L4–5 level can be used
to estimate fat mass, FFM, and ASMI measured by DXA in
patients with Crohn’s Disease, allowing analysis of body composition using images otherwise obtained as part of routine
clinical care. Although not all paired CT and DXA studies were
obtained contemporaneously, the median interval was less
than one month; there was no correlation between interval
and difference between measured and expected values, suggesting that body composition remained relatively constant
during the interval between scans. A limitation of this study
is the small number of subjects with both CT and DXA studies
performed within the constrained time period. Although
robust linear relationships were demonstrated, a larger cohort
may have permitted further analysis of gender differences or
the role of other variables.
Similar to published data from healthy subjects,[19] the L3
vertebral body level provided the most robust correlation
with most parameters, with no significant difference between
genders in terms of degree of correlation.
In this cohort of ambulatory Crohn’s Disease patients, low
muscle mass was prevalent, and was predictive of lower BMD.
We have described the first use of routinely obtained abdominal imaging to demonstrate this relationship – and to predict
body composition components – in patients with inflammatory bowel disease. This study validates a method of body
composition analysis using abdominal scans otherwise
obtained as part of routine clinical care in patients with
Crohn’s Disease.
The technique described may allow not only further
research into the role of body composition in inflammatory
bowel disease: prospectively, but also by permitting retrospective analysis of existing patient cohorts with accessible
CT scans. Possible important applications include optimising
drug dosing, predicting treatment response or complications,
and improving the accuracy of prognosis.
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Chapter 4: Body composition analysis using abdominal scans from routine clinical care in patients with Crohn's Disease

Summary and discussion
Cross-sectional areas of adipose tissue and skeletal muscle at the level of the third lumbar
vertebra correlated highly with total body fat mass and fat-free mass. The regression analysis
identified a model incorporating cross-sectional areas and gender, age, weight (for fat mass) and
height as being highly predictive of body composition measured by DXA.
These findings validate this technique for use in Crohn’s disease patients, and allow analysis of
existing datasets. Our hypothesis (hypothesis 2: That cross-sectional abdominal imaging obtained by
computed tomography (CT) and magnetic resonance imaging (MRI) during routine clinical care for patients with
Crohn’s disease allows accurate estimation of body composition parameters) was supported. However, the
requirement for manual identification of anatomical compartments and specialised software do
not lend this method to widespread clinical use.
Limitations of this study include a lack of clinical data, which may have allowed association of
body composition parameters with disease activity and duration, biomarkers and medical
therapy. Despite this information being unavailable for this validation study, further studies
may use this technique in cohorts with more complete data availability to investigate these links.
Retrospective analysis does not permit a direction of causality to be established, but this
technique may be easily integrated into prospective studies.
We have demonstrated that single-slice image analysis at an L3 level of scans obtained as part
of routine clinical care strongly predicts body composition.
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Chapter 5: Weight and body composition compartments do
not predict therapeutic thiopurine metabolite levels in
inflammatory bowel disease
Introduction and context
Thiopurine drugs are a cornerstone of Crohn’s disease treatment, and yet the incidence of
adverse effects with their use is significant1. Historically, the choice of dose was determined by
body weight – although no dose-finding studies were performed in Crohn’s disease2. Recently,
measurement of intracellular concentrations of thiopurine metabolites has entered clinical
practice as a means of adjusting drug doses to avoid toxicity and increase efficacy3, with two
metabolites being most associated with outcomes: 6-thioguanine nucleotides (6TGN) exhibiting
a therapeutic window4, and 6-methyl mercaptopurine (6MMP) being associated with
hepatotoxicity. Predictors of metabolic profile at the commencement of therapy would guide
treatment, especially considering the long time to clinical effect2.
The use of thiopurine S-methyltransferase (TPMT) genotype testing represents a ‘precision
medicine’ approach to individualised care, and is widely recommended before commencement
of thiopurine medications5; it is one of the strongest predictors of thiopurine metabolism. The
prevalence of functional enzyme activity (homozygous low activity) is approximately 1 in 3006,
with 11% of the population having a heterozygous genotype and intermediate enzyme activity;
89% have a high-activity genotype. Low enzyme activity is associated with toxicity and
leukopenia. Aside from TPMT genotype, other determinants of thiopurine metabolism include
drug interactions: particularly 5-aminosalicylates, which are commonly prescribed for
inflammatory bowel disease and inhibit TPMT, and allopurinol – a xanthine oxidase inhibitor
which was designed in the 1950s to improve thiopurine efficacy7. Many enzymatic
determinants of drug metabolism relate to the distribution of the enzyme in different tissues
and to body composition.
There had been no published literature examining the effect of body composition on thiopurine
metabolites, and in devising the study described in this chapter we hypothesised: That weightbased dosing is inferior to dosing by body composition parameters at achieving therapeutic thiopurine metabolite
levels (hypothesis 3).

Chapter 5: Weight and body composition compartments do not predict therapeutic thiopurine metabolite levels in inflammatory bowel
disease

Body composition may, therefore, allow personalised treatment decisions. To test this theory,
we sought to establish the relationships between thiopurine metabolite levels and drug dose,
and drug dose divided by weight or body composition compartments in a cohort of patients for
whom metabolite level testing and body composition by either DXA, CT or MRI analysis was
available.
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Weight and Body Composition Compartments do Not
Predict Therapeutic Thiopurine Metabolite Levels in
Inflammatory Bowel Disease
Darcy Q. Holt, MBBS, FRACP1,2, Boyd J.G. Strauss, MBBS, PhD, FRACP, FRCPath, FRCP2 and Gregory T. Moore, MBBS, PhD, FRACP1,2

OBJECTIVES: Thiopurine drugs are the most commonly used steroid-sparing therapies in moderate-to-severe inflammatory bowel
disease (IBD). Their complex metabolism and their narrow therapeutic windows means that optimal dosing is difficult. However,
weight-based dosing is the norm. Similar antimetabolites are dosed by body composition parameters. In IBD, treatment response
and toxicity has been shown to correlate with thiopurine metabolite levels. We sought to determine whether weight or body
composition parameters predicted therapeutic 6-thioguanine nucleotide (6TGN) or toxic 6-methylmercaptopurine (6MMP) levels.
METHODS: This single-center retrospective cohort study identified 66 IBD patients who had body composition analysis and
thiopurine metabolite levels tested. Statistical analysis was performed using Spearman correlation, Kruskal–Wallis, Mann–
Whitney, and unpaired t tests and receiver-operator operating characteristic curves. A P value of o0.05 was considered
significant.
RESULTS: No correlation was identified between 6TGN and any body composition parameters, absolute drug dose or drug dose/
kg of fat mass, fat-free mass (FFM), subcutaneous adipose tissue area, or visceral adipose tissue area. However, 6MMP correlated
with azathioprine dose, thiopurine dose/kg of body weight, and with several body composition parameters.
CONCLUSIONS: No relationship was found between therapeutic metabolite levels and weight or body composition compartments.
Higher thiopurine doses, especially in relation to FFM, are associated with higher levels of potentially hepatotoxic 6MMP and
shunting toward this metabolite. Conventional weight-based dosing to attain therapeutic metabolite levels appears unreliable and
may be replaced by metabolite level testing.
Clinical and Translational Gastroenterology (2016) 7, e199; doi:10.1038/ctg.2016.56; published online 27 October 2016
Subject Category: Inflammatory Bowel Disease

INTRODUCTION
Azathioprine and its metabolite, 6-mercaptopurine (6MP), are
the most commonly used steroid-sparing therapies in
moderate-to-severe inflammatory bowel disease (IBD).1,2 A
total of 50–60% of patients respond to these treatments; the
remainder will have refractory disease or adverse drug
reactions.3
The complex metabolism of these drugs and their narrow
therapeutic windows means that optimal dosing is difficult.
Recent interest in the measurement of intracellular thiopurine
metabolites has led to the development of treatment algorithms
based on therapeutic 6-thioguanine nucleotide (6TGN) and
toxic 6-methylmercaptopurine (6-MMP) levels,3–6 with a metaanalysis demonstrating an association between the levels of
6TGN and likelihood of clinical response.7 Combination therapy
with allopurinol has been recommended in patients with an
elevated 6MMP:6TGN ratio to optimize metabolite levels and
treatment response.8,9 A ratio of 411 has been described
as abnormal,4 with 420 clearly demonstrating skewed
metabolism.10 Sulfasalazine and aminosalicylate (5ASA)
drugs, which are commonly prescribed in IBD, inhibit thiopurine
S-methyltransferase (TPMT), an intestinal mucosa and liver
1

enzyme, which is important in thiopurine metabolism.11 This
causes elevations of 6TGN in patients receiving concomitant
thiopurines and may lower the 6MMP:6TGN ratio.12
However, weight-based dosing of thiopurines, without
regard to 5ASA coprescription, remains the norm in clinical
practice, with measurement of metabolites reserved for those
who fail to respond to therapy.1
Body composition measurement with bioelectrical impedance analysis predicts pharmacokinetics of a similar
antimetabolite fluorouracil more accurately than standard
anthropometric parameters,13 and low lean body mass has
been shown to be a significant predictor of fluorouracil
toxicity.14 The most accessible15 and accurate16 means of
determining whole-body and regional body composition
compartments such as fat-free mass (FFM), fat mass (FM),
lean tissue mass, and bone mineral density is dual-energy
X-ray absorptiometry (DXA). DXA is often indicated for
monitoring of bone mineral density in thiopurine-treated
patients who may have disease-related malnutrition, cachexia,
or significant corticosteroid exposure.17 Despite recommendations that patients with IBD undergo regular DXA for
monitoring bone mineral density,18 screening prevalence is
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low: approximately one in five patients.19 However, abdominal
computed tomography (CT) scans are often obtained as part
of routine care of Crohn’s disease.20 Analysis of a single crosssectional image from CT or magnetic resonance imaging
(MRI) provides an accurate estimate of total body FFM and
FM, as well as visceral FM and subcutaneous FM.21–24 We
have validated this technique in patients with Crohn’s
disease,25 with high degrees of correlation between CT or
MRI and DXA.
Importantly, there are no published data regarding thiopurine metabolite levels and body composition parameters aside
from body weight. We sought to determine whether body
composition analysis may provide a more accurate means of
dosing to achieve therapeutic metabolite levels.
METHODS
All IBD patients who had undergone thiopurine metabolite
level testing at a single tertiary care hospital were identified
from pathology databases; this was cross-referenced with
radiology records. Local practice is to initiate recommended
doses of thiopurines (1.0–1.5 mg/kg body weight for 6MP,
2.0–2.5 mg/kg body weight for azathioprine).26
Body composition studies were performed using either
whole-body DXA or single-slice analysis of abdominal CT
scans. DXA scans were performed on a GE Lunar Prodigy
DXA scanner (GE Healthcare, Little Chalfont, UK) with
reported body composition data, including weight, height,
body mass index, body surface area, appendicular skeletal
muscle index, appendicular muscle mass, total body FFM,
total body FM, percentage body fat, trunk lean tissue mass,
trunk FM, android FM, and gynoid FM. From CT and MRI
studies obtained as part of routine clinical care, crosssectional images from the level of the third lumbar vertebra
(L3) and L4–L5 intervertebral disc were analyzed by a single
experienced operator using SliceOMatic v.4.3 (Tomovision,
Montreal, Quebec, Canada) to measure the area of skeletal
muscle, subcutaneous visceral adipose tissue, visceral
adipose tissue, and intermuscular adipose tissue. Using
published techniques,22–24,27 estimates of total body FM,
FFM, appendicular skeletal muscle index, and waist circumference were reported. CT and DXA data was pooled for
analyses. Four subjects in this group had contemporaneous
CT and DXA scans, which demonstrated a high degree of
correlation, consistent with previously published studies23,25
(for FFM, Spearman r = 0.97, P = 0.004). Chart review was
used to obtain weight, height, and thiopurine dose at the time
of metabolite measurement. Erythrocyte concentrations of
6TGN, 6MMP, and the ratio between these two measures were
reported. Thiopurine S-methyltransferase activity phenotype
or genotype was not available for many patients. Clinical
response was not recorded in this cohort.
Statistics. Prism 6 (GraphPad Software, La Jolla, CA) was
used to perform Spearman correlation analysis between
variables, with Kruskal–Wallis, Mann–Whitney and unpaired
t tests as appropriate to determine differences between
subjects grouped by category of metabolites. Receiveroperator characteristic curves were used to identify
Clinical and Translational Gastroenterology

Table 1 Demographics of thiopurine-treated patients

Indication

n

Crohn's disease
Ulcerative colitis

52
14

Gender
Male
Female

44
22

Drug
Azathioprine
6MP

49
17

Drug dose (median (IQR))
Azathioprine
6MP
5ASA or sulfasalazine prescribed
Weight (mean ± s.d.)
BMI (mean ± s.d.)
Age (mean ± s.d.), years
Body composition technique
CT
DXA

150 (125–200)
75 (50–75)
26 (42%)
75.2 ± 17.6
25.4 ± 5.0
35.6 ± 14.1
48
18

BMI, body mass index; CT, computed tomography; DXA, dual-energy X-ray
absorptiometry; IQR, interquartile range; 5ASA, aminosalicylate; 6MP, 6mercaptopurine.

cutoff drug doses. A P value of o0.05 was considered
significant.
Ethics. This project was approved by the Monash Health
Human Research Ethics Committee (project 15056Q).
RESULTS
Sixty-six IBD patients were identified as having had either a
CT, MRI, or whole-body DXA scan and thiopurine metabolite
level testing while being treated with azathioprine or 6MP
(Table 1). The mean azathioprine dose was 2.18 mg/kg body
weight (s.d. 0.71); the mean 6MP dose was 0.92 mg/kg body
weight (s.d. 0.33).
Thiopurine metabolite levels. No correlation was identified
between 6TGN levels and any parameter of body composition, absolute drug dose, or drug dose/kg of FM, fat free
mass, subcutaneous adipose tissue area, or visceral adipose
tissue area.
There were no significant differences in mean 6TGN (309.2
(pmol/8 × 108 red blood cells (RBC) ± 237.7 vs. 394.6 ± 233.1,
P = 0.164), 6MMP (2,465.8 (pmol/8 × 108 RBC) ± 3,210.6 vs.
3,542.7 ± 5,884.4, P = 0.403), and 6MMP:6TGN ratio
(11.3 ± 15.9 vs. 9.6 ± 16.8, P = 0.696) between those who
were not prescribed 5ASA or sulfasalazine and the 42% of
patients who were; similarly, the thiopurine dose/kg of body
weight was not different between these groups.
6MMP levels showed a weak but statistically significant
correlation with dose of azathioprine (Spearman r = 0.409,
P = 0.004), azathioprine dose/kg of body weight (r = 0.489,
Po0.001), and dose of 6MP/kg body weight (r = 0.520,
P = 0.032).
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Figure 1 Categories of 6-thioguanine nucleotide (6TGN) levels and dose of azathioprine (the most commonly prescribed thiopurine) (lines: mean ± 95% confidence interval
of the mean): (a) total azathioprine dose; (b) azathioprine dose/kg body weight; (c) azathioprine dose/fat-free mass (FFM); (d) azathioprine dose/fat mass (FM).

Similarly, there was a weak correlation between 6MMP and
several body composition parameters: azathioprine dose/kg of
FFM (r = 0.481, Po0.001), azathioprine dose/body surface
area (r = 0.507, Po0.001), azathioprine dose/body mass
index (BMI) (r = 0.425, P = 0.002), and 6MP dose/kg of FFM
(r = 0.573, P = 0.016), 6MP/BSA (r = 0.513, P = 0.032), and
6MP/BMI (r = 0.491, P = 0.013).
Using previously defined,4,28,29 clinically relevant
categories of thiopurine metabolites, subjects were classified
as having:
(1) Therapeutic 6TGN (6TGN 235–450 pmol/8 × 108 RBC);
(2) Subtherapeutic 6TGN (o235 pmol/8 × 108 RBC);
(3) Supratherapeutic 6TGN (4450 pmol/8 × 108 RBC);
Between these categories, there was no difference in the
following parameters: body weight; azathioprine dose; 6MP
dose; and dose of either thiopurine per kg of body weight or
FM or FFM (Figure 1 and Table 2).

A further two categories were defined utilizing 6MMP levels:
(4) Skewed metabolism,10 ratio 6MMP:6TGN420;
(5) Potentially hepatotoxic5 6MMP (45,700 pmol/
8 × 108 RBC)
These categories were not mutually exclusive.
Patients with a 6MMP:6TGN ratio 420 had a higher mean
azathioprine dose/FFM (4.12 mg/kg ± 0.97 vs. 3.20 mg/kg ±
1.17, P = 0.011), with a higher median azathioprine dose
(200 mg vs. 150 mg; P = 0.03); mean azathioprine dose/FFM
was higher in the group of patients with 6MMP45,700 pmol/
8 × 108 RBC (4.15 mg/kg ± 0.97 vs. 3.21 mg/kg ± 1.18,
P = 0.017) (Figure 2,Table 2).
Anthropometry and body composition categories. Categorization of subjects by weight or muscle mass did not
predict metabolite profiles. There was no difference in the
levels of 6TGN and 6MMP between patients with a healthy
range BMI (18.5–24.9 kg/m2)30 and those with BMI ⩾ 25 kg/
m2; (P = 0.484 for 6TGN and P = 0.484 for 6MMP) nor for
patients with sarcopenia—defined as an appendicular
Clinical and Translational Gastroenterology
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Table 2 Body composition parameters, drug dosing and clinical categories of thiopurine metabolites

6TGNo235

235 ≤ 6TGN ≤ 450

6TGN4450

P value

72.4 ± 17.4
24.75 ± 4.47
1.83 ± 0.25
150 (119–163)
2.07 ± 0.62
3.13 ± 1.01
8.29 ± 6.94
50 (25–75)
0.79 ± 0.68
1.40 ± 1.17
2.19 ± 2.13

0.96
0.96
0.89
0.16
0.43
0.30
0.64
0.38
0.22
0.63
0.38

Mean ± s.d.
Weight (kg)
BMI (kg/m2)
BSA (m2)
Aza (mg; median (IQR))
Aza/weight (mg/kg)
Aza/FFM (mg/kg)
Aza/FM (mg/kg)
6MP dose (mg; median (IQR))
6MP/weight (mg/kg)
6MP/FFM (mg/kg)
6MP/FM (mg/kg)

75.7 ± 18.1
25.72 ± 5.26
1.87 ± 0.22
150 (100–200)
1.95 ± 0.64
3.10 ± 1.39
6.88 ± 2.80
50 (38–75)
0.74 ± 0.18
1.26 ± 0.34
2.44 ± 0.89

75.8 ± 17.7
25.37 ± 5.12
1.88 ± 0.24
175 (144–213)
2.40 ± 0.77
3.62 ± 1.08
9.51 ± 6.64
75 (50–106)
1.03 ± 0.31
1.63 ± 0.58
3.64 ± 1.54

(6MMP:6TGN)o20

(6MMP:6TGN)420

P value

70.3 ± 14.0
24.28 ± 3.99
1.81 ± 0.22
200 (175–200)
2.68 ± 0.45
4.20 ± 0.97
10.38 ± 7.29
62.5 (50–75)
1.12 ± 0.06
1.69 ± 0.42
4.18 ± 2.98

0.59
0.59
0.51
0.03
0.02
0.01
0.33
0.97
0.29
0.62
0.62

Mean ± s.d.
Weight (kg)
BMI (kg/m2)
BSA (m2)
Aza (mg; median (IQR))
Aza/weight (mg/kg)
Aza/FFM (mg/kg)
Aza/FM (mg/kg)
6MP dose (mg; median (IQR))
6MP/weight (mg/kg)
6MP/FFM (mg/kg)
6MP/FM (mg/kg)

75.9 ± 18.0
25.55 ± 5.14
1.88 ± 0.24
150 (118–200)
2.09 ± 0.72
3.12 ± 1.17
8.01 ± 5.41
75 (50–75)
0.89 ± 0.34
1.47 ± 0.60
2.98 ± 1.32
6MMPo5,700

6MMP45,700

P value

65.4 ± 14.3
23.41 ± 4.36
1.73 ± 0.22
175 (150–200)
2.64 ± 0.50
4.15 ± 0.97
10.04 ± 7.35
66.7 ± 14.4
1.13 ± 0.05
1.76 ± 0.32
3.90 ± 2.16

0.09
0.20
0.06
0.36
0.05
0.02
0.46
0.92
0.15
0.36
0.68

Mean ± s.d.
Weight (kg)
BMI (kg/m2)
BSA (m2)
Aza (mg; median (IQR))
Aza/weight (mg/kg)
Aza/FFM (mg/kg)
Aza/FM (mg/kg)
6MP dose (mg; median (IQR))
6MP/weight (mg/kg)
6MP/FFM (mg/kg)
6MP/FM (mg/kg)

76.9 ± 17.6
25.72 ± 5.06
1.90 ± 0.23
150 (125–200)
2.10 ± 0.72
3.21 ± 1.18
8.07 ± 5.42
69.6 ± 35.6
0.87 ± 0.35
1.44 ± 0.61
2.95 ± 1.36

Aza, Azathioprine; BMI, body mass index; BSA, body surface area; FFM, fat-free mass; FM, fat mass; IQR, interquartile range; 6MP, 6-mercaptopurine; 6MMP,
6-methylmercaptopurine; 6TGN, 6-thioguanine nucleotide.

skeletal muscle index (calculated from CT or MRI or
measured by DXA) 42 s.d. below a young adult mean (i.e.,
7.26 kg/m2 for men and 5.45 kg/m2 for women31) (P = 0.429
for 6TGN and P = 0.607 for 6MMP).
DISCUSSION
Optimal dosing of thiopurines in IBD is difficult owing to wide
variation in metabolism, relatively long time to efficacy, and the
high incidence of adverse effects. There is comparatively little
research regarding the pharmacokinetics of thiopurine drugs.
Absorption from the gut is variable (5–37%).32 Area under the
curve of plasma mercaptopurine concentration over time has
been shown to correlate with clinical response and toxicity in a
similar clinical setting,33 but no correlation exists between oral
6MP dose (in mg/m2 of body surface area) and area under the
curve,34 implying weight and height may not be significant
factors in determining therapeutic dosing. In individual
Clinical and Translational Gastroenterology

patients, a large degree of variability (up to eightfold) has
been observed from day-to-day in area under the curve,35
which may reflect the variable effect of food intake and
metabolic enzyme activity. TPMT activity does not predict
preferential metabolism to 6MMP; however, the largest study
correlating metabolite profile and TPMT activity found a
skewed metabolism at all activity levels.10 On an individual
patient basis, 6TGN levels remain stable throughout the
dosing interval.35 There is considerable interpatient variability
in 6TGN levels with thiopurine dosing based on weight36 or
body surface area,37 with only a weak correlation (r = 0.28)
demonstrated between thiopurine dose (mg/kg) and 6TGN
levels in a group of patients who had ongoing symptoms
despite stable thiopurine therapy.3 A randomized control trial
examining clinical outcomes in patients dosed by weight
compared with those dosed by metabolite level monitoring
found no difference in thiopurine metabolite levels between
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Figure 2 Azathioprine dose per kg of fat-free mass (FFM) by categories of 6-methylmercaptopurine (6MMP) and 6MMP:6TGN (6-thioguanine nucleotide) (lines:
mean ± 95% confidence interval of the mean).

groups despite those in the weight-based group receiving
more drug; there was no difference in clinical outcomes.38
Of interest in our study, the dose of azathioprine per
kilogram of body weight—the accepted method of dosing
azathioprine in IBD39—did not predict whether subjects were
likely to have metabolites in the therapeutic range. This finding
mirrors similar data from a number of retrospective studies40
and a recent randomized controlled trial.38 We found that no
other body composition parameter predicted therapeutic
metabolites.
This study is novel in seeking to determine a relationship
between body composition compartments and thiopurine
metabolite levels. Limitations of this retrospective cohort study
are the lack of thiopurine S-methyltransferase genotyping or
phenotyping, clinical efficacy end points, medication compliance, and data regarding the reason for metabolite testing.
Although routine thiopurine dosing according to metabolite
levels is becoming more common,41 some of the subjects may
have been tested owing to treatment failure or intolerance—
with a possible inherent selection bias toward non-therapeutic
or toxic metabolite levels.
A recent retrospective cohort study suggested an inverse
relationship between BMI and 6TGN levels,40 with the authors
surmising that adipose tissue distribution of thiopurines may
be an important factor in metabolism. Visceral and subcutaneous adipose tissue have distinct metabolic profiles,42 with
cross-sectional measurement predictive of total body
volumes.21,43 However, our analysis did not find a relationship
between metabolites and total adipose tissue mass, visceral
adipose tissue area, or subcutaneous adipose tissue area or
dose of thiopurine divided by these areas.
Prediction of drug toxicity may help to avoid adverse effects
causing delayed or discontinued therapy. We found that the
likelihood ratio of a 6MMP45,700 pmol/8 × 108 RBC was 2.00
at a cutoff azathioprine dose 43.04 mg/kg FFM (100%
sensitivity, 50% specificity, P = 0.019). In a similar clinical

setting, weight-based dosing was again found not to improve
rates of therapeutic 6TGN levels but was associated with
shunting toward 6MMP;41 this finding supports those of our
study, although external validation is required owing to
potential overlap of subjects between data sets. Identification
of patients at higher risk of toxicity by pretreatment anthropometric or body composition measures would be useful:
although no such predictors were found in this study, a trend
toward lower body weight and BMI in patients with undesirable
metabolite profiles further implies that larger relative drug
doses may cause shunting toward 6MMP.
No relationship was found between therapeutic metabolite
levels and weight or body composition compartments. Higher
doses of thiopurines, especially in relation to FFM, are
associated with higher levels of potentially hepatotoxic
6MMP and shunting toward this metabolite. Conventional
weight-based dosing to attain therapeutic metabolite levels
appears unreliable and may be replaced by metabolite level
testing.
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Study Highlights
WHAT IS CURRENT KNOWLEDGE
✓ Thiopurines are accepted treatment for inflammatory bowel
diseases and are conventionally dosed according to body
weight.
✓ Erythrocyte concentrations of thiopurine metabolites are
associated with treatment response or toxicity.
✓ Previous small studies have shown a lack of association
between thiopurine metabolite levels and dose by body
weight, but body composition parameters have not been
examined.

WHAT IS NEW HERE
✓ This study demonstrates that therapeutic metabolite levels
do not correlate with thiopurine dose by body weight or body
composition parameters.
✓ Potentially hepatotoxic metabolites correlate with dose by
weight and fat-free mass.
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Summary and discussion
The lack of an association between 6TGN levels and drug dose, dose/kg weight or dose/kg fatfree mass or fat mass was unexpected – but is consistent with other studies that have not shown
a relationship between drug dose/kg weight and 6TGN8,9. We were unable to confirm our
hypothesis: That weight-based dosing is inferior to dosing by body composition parameters at achieving
therapeutic thiopurine metabolite levels (hypothesis 3).
This study was novel in the literature, but some limitations do mean that further research in
this area would be beneficial. In particular, there was lack of information regarding significant
determinants of thiopurine metabolism such as TPMT genotype and 5-aminosalicylate use.
Clinical outcome data, and reasons for requesting metabolite testing were also missing. This
may have led to a selection bias of patients who were experiencing treatment failure and may
have had skewed metabolism.
The finding that 6MMP levels were increased with higher drug doses, and dose/kg fat-free
mass, suggests saturable enzyme pathways in the fat-free compartment. An implication of this
finding may be that in patients with low fat-free mass, or low body weight, consideration be
given to allopurinol and thiopurine co-prescription as an initial strategy. This would avoid a
metabolic “shunt” towards 6MMP production. However, a prospective controlled trial
including body composition measurement is required to establish the soundness of this
approach.
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Chapter 6: Low muscle mass at initiation of anti TNF therapy
for inflammatory bowel disease is associated with early
treatment failure
Introduction and context
Previous chapters of this thesis have explored weight distribution, dietary beliefs and treatment
exposures in a large Australian cohort, and applied validated methods of body composition to
a cohort of patients being treated with thiopurine drugs – a mainstay of Crohn’s disease
treatment. In this chapter, body composition analysis, using methods described in chapter 4, is
applied to the clinical situation of anti-TNF maintenance therapy to determine predictors of
treatment response.
The place of anti-TNF therapy in current Crohn’s disease treatment algorithms and definitions
of terms used to denote clinical efficacy are useful to note at this point.
Medical therapy for Crohn’s disease involves judicious escalation of immunosuppression, with
anti-TNF therapy recommended for patients with high disease activity and poor prognosis,
those with steroid-refractory disease or intolerance to corticosteroids and relapsed disease while
using immunomodulators1. Primary non-response to anti-TNF drugs, defined as a failure to
achieve a clinical response following an induction phase, is reported in approximately one third
of patients2. Secondary loss of response is less well-defined: it has been variously reported as a
quantifiable re-emergence of symptoms (for example, a significant rise in Crohn’s disease
activity index score), or symptoms proven to be due to inflammatory activity, or the need for
medical intervention3. The rate of secondary loss of response appears to be greater in the first
twelve months of therapy, with a more gradual loss of response over subsequent years. Rates
of loss of response to infliximab and adalimumab have been reported to range between 23%
and 46% at one year, with the majority of patients regaining response after doseintensification3. However, in the Australian context, prescribing restrictions do not permit dose
tailoring4, and local practice may vary from study populations in which this was available. We
sought to define loss of response appropriately to a local setting, and examine body composition
at the time of anti-TNF induction as a predictor of longer-term outcomes.

Chapter 6: Low muscle mass at initiation of anti TNF therapy for inflammatory bowel disease is associated with early treatment failure

Our hypotheses were that a body composition phenotype (such as cachexia, or sarcopenic
obesity) may confer worse outcomes in anti-TNF therapy (hypothesis 4: That body composition
parameters predict response to anti-TNF therapy), and that visceral adipose tissue may be associated
with earlier loss of response (hypothesis 5: That patients with increased visceral adipose tissue mass have
a lesser clinical response to anti-TNF therapy) – if so, this might be due to pharmacokinetic factors
such as lower drug levels due to increased expression of TNF in visceral fat5. Analysis of visceral
adipose tissue area at a single abdominal cross-section has been shown to correlate with
volumetric measurement and is an accepted method of assessing visceral adipose tissue mass68.
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Low muscle mass at initiation of anti-TNF therapy
for inﬂammatory bowel disease is associated with
early treatment failure: a retrospective analysis
DQ Holt1,2, P Varma1, BJG Strauss2, AS Rajadurai2 and GT Moore1,2
BACKGROUND/OBJECTIVES: Delayed treatment failure occurs in a signiﬁcant proportion of inﬂammatory bowel disease (IBD)
patients treated with tumor necrosis factor-alpha (TNF) antagonists. Identiﬁcation of predictors of loss of response (LOR) may help
to optimize therapy. We sought to determine whether body composition parameters at the commencement of anti-TNF therapy
were associated with earlier treatment failure.
SUBJECTS/METHODS: A retrospective cohort study was performed on 68 patients who had undergone cross-sectional abdominal
imaging coincident with the commencement of anti-TNF drugs. Analysis of the images at the third lumbar vertebra was performed
using standard techniques to determine cross-sectional areas of skeletal muscle (SM), visceral adipose tissue, subcutaneous adipose
tissue and intermuscular adipose tissue. Treatment failure was deﬁned as: post-induction hospital admission or surgery for IBD,
escalation of TNF dose or immunosuppressants for clinical LOR, emergence of a new ﬁstula or Crohn’s Disease Activity Index
(CDAI) 4150.
RESULTS: Two-thirds of patients had myopenia. Patients with less than gender-speciﬁc median SM area had a median time to
failure of 520 (s.d. 135) days compared to 1100 (s.d. 151) days for those with more than median SM area (P = 0.036). No difference
was found in disease duration, inﬂammatory markers or CDAI between quartiles of SM area. No relation between outcomes and
measures of adipose tissue, weight or body mass index was observed.
CONCLUSIONS: Identifying low muscle mass at anti-TNF induction as a risk factor for treatment failure may contribute to a more
tailored approach to IBD therapy.
European Journal of Clinical Nutrition advance online publication, 22 February 2017; doi:10.1038/ejcn.2017.10

INTRODUCTION
Monoclonal antibodies to tumor necrosis factor-alpha (anti-TNF
drugs) have an established role in the treatment of inﬂammatory
bowel disease (IBD),1,2 with initial response rates of ~ 80% in
induction and early maintenance studies.3,4 However, primary
non-response to anti-TNF drugs occurs in 13–40% of patients, with
~ 13% of patients experiencing secondary loss of response (LOR)
each year.5 Predictors of non-response or LOR have been
identiﬁed, including disease-related characteristics, such as duration and phenotype, smoking status, serological and genetic
markers, and immunopharmacological factors.6 Obesity appears
to be associated with earlier LOR to adalimumab7 and inﬂiximab,8
for reasons that are not deﬁned. This may be due to
pharmacokinetic factors,9 or a pro-inﬂammatory state induced by
obesity.10,11 No published studies have examined the role of body
composition in clinical response to anti-TNF drugs for IBD. Body
composition analysis permits the correlation of physical components—such as visceral adipose tissue, skeletal muscle (SM), total
body fat mass (FM) and fat-free mass (FFM)—with clinical
outcomes. Analysis of cross-sectional computed tomography
(CT) or magnetic resonance imaging (MRI) at a single abdominal
level has been demonstrated by a number of authors to provide a
reliable estimation of total visceral adipose tissue volume, total
body SM mass and total body fat mass as measured by multi-slice
volumetric analysis or other technologies such as dual energy

X-ray absorptiometry or bioelectrical impedance analysis.12–20 We
sought to determine whether body composition parameters were
associated with the anti-TNF drug treatment failure in IBD patients
at long-term follow-up.
MATERIALS AND METHODS
A retrospective audit was conducted for all patients with IBD receiving
anti-TNF therapy at a tertiary referral center, and from the records of
associated gastroenterologists. All patients on anti-TNF therapy with an
accurate date for TNF commencement, an abdominal MRI or CT scan
contemporaneous with induction and adequate correspondence to
determine end-points were included. Prescribing regulations speciﬁed
standard intravenous dosing of 5 mg/kg of inﬂiximab at weeks 0, 2 and 6,
with 8-weekly infusions as maintenance therapy thereafter. Adalimumab
was dosed at 160 mg subcutaneously at week 0, 80 mg at week 2, and
40 mg fortnightly thereafter. Analysis of imaging at the level of the third
lumbar vertebra was undertaken, as this level has been shown to best
predict total body composition.20 A single experienced operator, blinded
to outcomes at the time of analysis, used SliceOMatic v4.3 (TomoVision,
Montreal, Canada) software to measure areas of SM, subcutaneous adipose
tissue (SAT), intermuscular adipose tissue (IMAT) and visceral adipose
tissue (VAT). These methods have been previously described and validated
against the standard clinical technique of body composition analysis—
dual-energy X-ray absorptiometry—in patients with Crohn’s Disease (CD),
with formulae developed to estimate appendicular SM index (ASMI), FM
and FFM;13,16 in this study, the formula used for ASMI (kg/m2) is 0.11 × [L3
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SM area/height2(cm2/m2)]+1.17. These values were then expressed as a
ratio of the gender-speciﬁc mean, and also as height-adjusted indices.
Patients with prior exposure to any anti-TNF agent were excluded. Baseline
biochemical and clinical data were noted, including steroid and
immunomodulatory prescription at the time of anti-TNF commencement;
prior steroid exposure was not characterized. LOR was deﬁned as: a postinduction hospital admission or surgery for IBD, escalation of TNF dose or
immunosuppressants for clinical LOR, emergence of a new ﬁstula or rising
Crohn’s Disease Activity Index (CDAI) 4150.

Statistics
Statistical analysis was performed with Prism v6 (GraphPad Software, La
Jolla, CA, USA) and SPSS statistics v24 (IBM Corp, Armonk, NY, USA).
Kaplan–Meier analysis was undertaken, with log-rank test to compare
curves, and Fisher’s exact test to determine differences between
categorical variables with binary outcomes. Spearman correlation coefﬁcients were calculated between continuous variables. Mann–Whitney,
Kruskal–Wallis and paired samples t-tests were used to compare means
between categorical variables. Cox regression analysis was used to identify
covariates predicting LOR. ROC curves were used to identify cut-off values.
A P-value of o0.05 was considered signiﬁcant.

Ethics
This study was approved by the Monash Health Human Research Ethics
Committee (project 16222Q).

RESULTS
From chart review, 211 patients with complete information
regarding anti-TNF induction and follow-up were identiﬁed. Of
these, 68 had suitable abdominal imaging performed around the
time of anti-TNF induction (mean 73 days’ difference, s.e.m.
71 days). Characteristics of the patients are described in Table 1.
Among those meeting the endpoint, hospitalization for LOR
occurred in 30.3%, treatment escalation for clinical LOR in 60.6%,
surgery in 6.1% and a new ﬁstula in 3.0%. Very few (n = 3) patients
had drug levels or anti-drug antibodies recorded in the medical
record at LOR. Median values for body composition parameters
are listed by gender in Table 2.
There was no correlation between measures of body composition and biochemical or clinical markers of inﬂammation. No data
were available regarding the prevalence of hypertension, dyslipidemia, hyperglycemia or abnormal liver function. Between those
who experienced treatment failure and those who did not, there
was no signiﬁcant difference between mean baseline inﬂammatory markers, immunomodulator use, type of anti-TNF or gender
(Table 3). Multivariate Cox regression analysis identiﬁed less than
the median SM area (hazard ratio 4.53, P = 0.031) and adalimumab
use as the initial anti-TNF (hazard ratio 2.73, P = 0.030) as being
associated with earlier treatment failure. ASMI, smoking status,
years of disease, gender, type of IBD and immunomodulator use
were not associated with different times to LOR.
Relationships with SM
Low muscle mass, or myopenia, was prevalent, with calculated
ASMI13 42 s.d’s below a young adult mean21,22 present in 68.5%
of patients. The presence of myopenia was not associated with
longer disease duration, although there was a statistical trend
toward a weak negative correlation between calculated ASMI and
years of disease (r = − 0.268, P = 0.055). As the prevalence of
myopenia was high in our cohort, internal comparisons were
undertaken with an arbitrary cut-off of the median value; SM area
was chosen as a single factor to predict response, rather than
ASMI, which was a calculated measure incorporating height. A cutoff of 47.62 kg estimated FFM had 100% speciﬁcity and 59%
sensitivity for identifying subjects with greater than median
SM area.
European Journal of Clinical Nutrition (2017) 1 – 5

Table 1.

Study participants and characteristics

Female sex, n
Age, years (mean ± s.d.)
Smoking

32 (47.1%)
37.6 ± 13.5
14 (20.9%)

Type of inﬂammatory bowel disease
Crohn’s Disease
Ulcerative colitis
Years of disease (mean ± s.d.)
Follow-up, days (mean ± s.d.)

63 (92.6%)
5 (7.4%)
11.6 ± 8.6
809.8 ± 664.3

Anti-TNF drug
Inﬂiximab
Adalimumab

36 (52.9%)
32 (47.1%)

Indication for anti-TNF
Refractory Crohn’s disease
Fistulizing Crohn’s disease
Acute severe ulcerative colitis
Refractory ulcerative colitis
Immunomodulator use, n
Baseline Crohn’s Disease Activity Index score, if
applicable (mean ± s.d.)
Baseline CRP, mg/l (mean ± s.d.)
Baseline hemoglobin, g/dl (mean ± s.d.)
Baseline albumin, g/dl (mean ± s.d.)
Body mass index, kg/m2 (mean ± s.d.)

75.0%
19.1%
1.5%
4.4%
42 (61.8%)
412 ± 91
23.8 ± 31.5
13.21 ± 1.74
3.64 ± 0.74
24.8 ± 4.7

Patients with less than the gender-speciﬁc median SM area
experienced treatment failure signiﬁcantly earlier (Figure 1),
despite similar baseline characteristics (Table 3). A median time
to failure of 520 (s.d. 135) days was seen in this group, compared
to 1100 (s.d. 151) days for those with greater than median SM area
(P = 0.031), hazard ratio 2.062 (95% CI 1.068–3.980). At 24 months,
27.6% of patients with more than median SM area had lost
response, compared with 61.7% of those with values less than the
median (OR 0.25 (0.09–0.70), P = 0.014; Figure 2). This effect was
seen as a trend at 12 months, but the difference in failure rates
(14.7% vs 32.3%, respectively) did not reach statistical signiﬁcance
(P = 0.152).
Biochemical parameters including CRP and albumin, as well as
CDAI, did not correlate with body composition measurements.
There was no correlation between the dose of prednisolone used
at anti-TNF induction, nor the use of immunomodulators, and SM
area. A Kruskal–Wallis test found no difference in SM area between
types of LOR.

Relationships with adipose tissue
BMI in the overweight or obese range was observed in 28.0% of
patients. There was no difference in Kaplan–Meier survival curves
between patients with BMI ⩾ 25 kg/m2 and those o 25 kg/m2, nor
between those with BMI ⩾ 30 kg/m2 and those o30 kg/m2.
There was no difference in time to treatment failure between
those with above median VAT or below median VAT, nor between
VAT quartiles. Similarly, VAT adjusted for height, and total body fat
mass quartiles did not exhibit different time to treatment failure.
The ratio of VAT to SAT, or of VAT to total adipose tissue, was not
associated with different outcomes, nor with differences in
baseline CRP or CDAI.
Anti-TNF drugs only became publicly subsidized for ulcerative
colitis (UC) shortly before this cohort was established, and records
for few patients were available. Exclusion of the small number of
UC patients included in this study did not alter the major ﬁndings;
robust analysis of this group alone cannot be undertaken due to
small sample size.
© 2017 Macmillan Publishers Limited, part of Springer Nature.
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Table 2.

Body composition parameters
Female (n = 32) median

IQR

Male (n = 36) median

IQR

100.96
55.25
198.98
3.495
5.44
23.14
36.35

86.37–116.95
35.61–102.72
116.41–317.06
1.608–6.663
4.70–5.67
18.08–27.55
31.97–41.15

138.56
60.78
117.26
3.42
6.51
19.64
47.63

127.46–157.91
29.34–127.23
69.81–182.93
1.383–5.56
5.78–7.01
16.15–23.70
44.30–53.43

SM (cm2)
VAT (cm2)
SAT (cm2)
IMAT (cm2)
ASMI (kg/m2)
FM (kg)
FFM (kg)

Abbreviations: ASMI, calculated appendicular skeletal muscle index; FFM, calculated total body fat-free mass; FM, calculated total body fat mass; IMAT,
intermuscular adipose tissue area; IQR, interquartile range; SAT, subcutaneous adipose tissue area; SM, skeletal muscle area; VAT, visceral adipose tissue area.

Table 3.

Baseline characteristics, categories and outcomes (n = 68)

Age, years (mean ± s.d.)
Baseline CDAIa (mean ± s.d.)
Baseline prednisolone dose, mg
(mean ± s.d.)
BMI, kg/m2 (mean ± s.d.)
Crohn’s disease
Female gender
Immunomodulator use
Montreal classiﬁcation of Crohn’s
disease
Smoker
Years of disease, years (mean ± s.d.)

Less than median SM
(n = 34)

Greater than or equal to
median SM (n = 34)

P

Maintained TNF
response (n = 31)

Lost TNF response
(n = 37)

35.9 ± 14.3
418.3 ± 99.4
13.7 ± 18.2

39.4 ± 12.7
406.7 ± 86.8
17.6 ± 20.6

0.289
0.706
0.45

37.2 ± 13.9
417.2 ± 84.8
13.7 ± 17.9

38.0 ± 13.3
407.6 ± 99.1
17.3 ± 20.7

21.2 ± 3.0
24.9 ± 5.1
n = 32, 93.9%
n = 31, 91.2%
n = 16, 47.1%
n = 16, 47.1%
n = 20, 58.8%
n = 22, 64.7%
(Mann–Whitney test for difference
between groups)
n = 5, 14.7%
n = 9, 36.0%
11.8 ± 9.6
11.3 ± 7.6

0.005
0.514
1
0.803
0.415
0.369
0.24

23.3 ± 5.3
23.3 ± 4.1
n = 27, 87.1%
n = 36, 97.3%
n = 14, 45.2%
n = 18, 48.6%
n = 20, 64.5%
n = 22, 59.5%
(Mann–Whitney test for difference
between groups)
n = 5, 16.1%
n = 9, 24.3%
10.0 ± 8.0
12.89 ± 9.0

P
0.823
0.753
0.48
0.997
0.17
0.811
0.803
0.402
0.55
0.174

Abbreviations: BMI, body mass index; median SM, gender-speciﬁc skeletal muscle area; TNF response, clinical response to inﬂiximab or adalimumab. aCrohn’s
Disease Activity Index: for patients with non-ﬁstulizing CD.

Figure 1. Earlier loss of response observed in patients with low
skeletal muscle; median time to failure 520 days (SM ratio o1)
compared to 1100 days (SM ratio ⩾ 1; SM ratio, ratio of skeletal
muscle area to gender-speciﬁc mean).

DISCUSSION
No published study yet has examined the role of body
composition compartments to anti-TNF treatment response in
IBD, and the novel ﬁnding of low muscle mass as a risk factor for
poor response warrants further examination in prospective
studies. However, in this study, the association observed between
low SM mass and early treatment failure does not imply causation.
Patients with low SM may have had more severe disease as a
cause of sarcopenia or cachexia, with disease phenotype
predisposing them to treatment failure. Importantly, however,
we were not able to determine any difference in disease duration,
© 2017 Macmillan Publishers Limited, part of Springer Nature.

Figure 2. A 24-month treatment failure rate was signiﬁcantly higher
in patients with less than median muscle area (LOR, loss of
response).

inﬂammatory markers, or CDAI between quartiles of SM area.
A prospective study incorporating drug level monitoring and
body composition analysis would more completely address the
mechanisms of treatment failure. In a systematic review of the
literature, there was found to be inconsistent data regarding
associations between body composition and disease duration,
disease activity and treatments.23 Inﬂiximab induction for active
CD has been shown to improve SM mass and function, suggesting
that inﬂammatory sarcopenia is reversible in this patient group.24
Another recent systematic review5 identiﬁed increased BMI
as a risk factor for LOR to anti-TNF therapy on the basis of
two retrospective cohort studies.8,25 Proteolytic clearance of
European Journal of Clinical Nutrition (2017) 1 – 5
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immunoglobulins is generally related to patient weight, with
higher weight associated with more rapid clearance in a number
of clinical studies.9,26,27 The mean BMI in our cohort was lower
than in these cited studies and BMI did not predict earlier LOR, nor
were cut-off values of 25 or 30 kg/m2 associated with higher rates
of treatment failure. This lack of association with BMI—but the
ﬁnding that low muscle mass confers a negative prognosis—may
indicate that the mechanisms of treatment failure involve body
composition compartments rather than total body mass. Patients
with IBD commonly have reduced muscle mass despite normal
BMI.28 In CD patients, fat distribution may also be altered:
expansion of the VAT compartment has been demonstrated,
resulting in a four-fold increase in adipocyte number compared to
controls29 and an increased volume of VAT.30–32
An observational cohort study found that penetrating or
stricturing CD was associated with an increased VAT/FM ratio,
and that a high VAT/FM ratio was associated with increased
disease activity at follow-up.30 A higher VAT:SAT ratio (mesenteric
fat index (MFI)) has been shown to correlate with a higher
incidence of penetrating or stricturing CD.33 Neither the MFI, nor
VAT/FM ratio, were associated with different rates or timing of LOR
in our study.
In a prospective study of adalimumab (ADA) in IBD patients, an
inverse correlation between muscle-related body composition
parameters and variability of ADA levels was noted, suggesting
that muscle mass may play a role in anti-TNF pharmacokinetics.34
A possible mechanism may involve the neonatal Fc receptor
(FcRn), which transports maternal IgG across the placenta, and
from the intestinal lumen in infants. It is expressed in adult tissues,
protecting IgG and albumin from catabolism and transporting IgG
across epithelial cells.35 Expression of FcRn in endothelial tissue36
and SM37 may contribute to altered in anti-TNF pharmacokinetics
with differences in body composition.
Limitations of this study include its retrospective design, and
the associated difﬁculty in deﬁning primary non-response or
secondary LOR according to criteria used in other studies;
although there is no consensus deﬁnition of these terms in the
literature.38 The absence of routine anti-TNF drug levels and antidrug antibody testing is another important limitation. Without
drug level monitoring, pharmacokinetic mechanisms to explain a
relationship between drug efﬁcacy and body composition can
only be postulated. The study strengths include the long-term
follow-up of a real-world cohort of IBD patients, with deﬁned
outcomes. The cumulative rate of LOR in this cohort is similar to
previous reports,38,39 corroborating the outcome measures used.
The techniques used for body composition analysis in this paper
have been validated in CD patients. More research using existing
cohorts of IBD patients treated with anti-TNF drugs is possible
using the same methodology and may seek to further elucidate
the role of body composition in the treatment of IBD. Determination of patient factors predicting response to treatment can
contribute to a more tailored approach to IBD therapy, particularly
as new agents with different modes of action become available.
Identifying low muscle mass at induction as a risk factor for
treatment failure may add to this management algorithm.
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Summary and discussion
A hypothesised association between visceral adiposity and early loss of response to anti-TNF
drugs was not identified. The proposed pharmacokinetic mechanism of treatment failure in
those with excessive visceral adiposity cannot be tested without drug level monitoring, and so
the significance of this negative finding is uncertain.
Although disease activity indices (CDAI) and measures of disease duration were recorded, a
limitation of the study is that this information was collated retrospectively, using CDAI scores
from application documents for subsidised anti-TNF drugs. As such, there is a defined cut-off
value for the CDAI (generally greater than 300), and assessments may be biased towards
meeting this arbitrary limit in order to meet eligibility criteria for prescription. CDAI itself is a
problematic measure, with very wide – up to ten-fold – inter-observer variability in clinical
practice9. The weights recorded at induction were also often rounded to the nearest ten
kilograms, suggesting a variability in drug dose/kg. A suitably powered prospective study may
provide more robust multivariate analysis of the effect of visceral adipose tissue, particularly if
it included standardised, impartial recording of disease phenotype and activity, and drug level
monitoring. Subgroup analysis may also be possible in a larger study; for example, assessing
whether obese patients, or those with highest visceral adiposity, have worse outcomes or lower
drug levels with fixed-dose adalimumab compared to infliximab, which is dosed by weight.
Two-thirds of patients in this cohort had calculated appendicular skeletal muscle indices more
than two standard deviations below a young adult mean (myopenia). This proportion is higher
than reported in the cohort described in chapter 4 (45.4% of male subjects and 50% of female
subjects), perhaps reflecting more severe body composition changes in those patients meeting
eligibility criteria for anti-TNF treatment. The high proportion of myopenic patients prompted
the use of the median value as a comparator. Disease duration correlated with low skeletal
muscle mass, a finding shown10 in a cohort of patients with a similar prevalence of myopenia.
Finding that low muscle mass at induction is a risk factor for earlier anti-TNF failure adds to a
predictive model of disease behaviour and may help to personalise treatment. Possibly, given
that sarcopenia is reversible in Crohn’s disease patients11, body composition analysis at
diagnosis may identify those who may benefit from earlier aggressive treatment.
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Chapter 7: Visceral adiposity predicts recurrence in postoperative Crohn’s disease patients
Introduction and context
More than 70% of Crohn’s disease patients require surgical resection of affected bowel1.
However, surgery is not curative. In most cases, disease recurs: with endoscopic recurrence in
three-quarters of patients after one year2, a median time to clinical recurrence of 3-5 years (2030% at one year3) and a median time to repeat surgery of 10-20 years4. Strategies to prevent
disease recurrence have been developed, with identification of risk factors pivotal to
recommending appropriate prophylactic medication. Specific risk factors for recurrence are
recognised, such as: cigarette smoking, prior intestinal resection, absence of preventative
treatment, penetrating disease at index surgery, perianal disease, and histological features of
granulomas in the resection specimen and myenteric plexitis5.
In a preventative situation, balancing treatment-associated risks and cost requires careful
consideration of prognostic factors. As has been demonstrated, body composition is associated
with disease duration and severity (systematic review, chapter 2), drug metabolism (chapter 5)
and treatment efficacy (chapter 6), it may foretell outcomes after surgery. Body composition
analysis would therefore have a position in algorithms determining post-operative management
of Crohn’s disease patients. To investigate this hypothesis (hypothesis 6: That body composition
parameters predict endoscopic recurrence after surgery for Crohn’s disease), a standardised, thorough,
prospectively collected data set with mandated time points for endoscopy would provide the
greatest information. For such analysis, we are grateful to the investigators of the POCER (PostOperative Crohn’s disease Endoscopic Recurrence) study6, performed at St. Vincent’s
Hospital, Melbourne, for permitting access to the data of this prospective, randomised
controlled trial of early endoscopy and treatment escalation. As the POCER study involved
treatment escalation with the use of adalimumab – and serum adalimumab levels had been
assayed – we also sought to determine a relationship between visceral adipose tissue (or other
components of body composition) and drug levels and clinical response. As previously
discussed, cross-sectional area of visceral adipose tissue is representative of the total volume of
this tissue compartment7,8. We postulated that increased visceral adiposity may result in an
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excess of adipocyte-derived cytokines such as tumour necrosis factor alpha, and that this may
act as an ‘antigen sink’, resulting in lower concentrations of anti-TNF drugs in Crohn’s diseaseaffected tissues. This was our second hypothesis for this study (hypothesis 7: That increased visceral
adipose tissue is associated with less response to treatment with adalimumab, and with lower serum adalimumab
levels)
The primary outcome measure in the POCER study was the presence of endoscopic recurrence
at 18 months. Possible treatment regimens during the study were complex, with subjects
assigned a high-risk category if they were active smokers, had perforating disease or previous
intestinal resection. High-risk patients were treated from enrolment with metronidazole for
three months and for the study duration with a thiopurine, or if intolerant, adalimumab. Lowrisk patients were treated with metronidazole. Patients were randomised 2:1 to receive
colonoscopy at six months or not, with treatment escalation in those with endoscopic
recurrence at six months. Multiple treatment permutations were therefore possible.
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SUMMARY
Background
Excessive visceral adipose tissue has been associated with poorer outcomes
in patients with inﬂammatory bowel disease.
Aim
To determine whether body composition is associated with outcome in a
prospective study of post-operative Crohn’s disease patients.
Methods
The POCER study evaluated management strategies for prevention of postoperative Crohn’s disease recurrence; subjects were enrolled after resection
of all macroscopic Crohn’s disease and were randomised to early endoscopy
and possible treatment escalation, or standard care. The primary endpoint
was endoscopic recurrence at 18 months. 44 subjects with cross-sectional
abdominal imaging were studied, and body composition analysis performed
using established techniques to measure visceral adipose tissue area, subcutaneous adipose tissue area, and skeletal muscle area.
Results
The body composition parameter with the greatest variance was visceral
adipose tissue. Regardless of treatment, all subjects with visceral adipose tissue/height2 >1.5 times the gender-speciﬁc mean experienced endoscopic
recurrence at 18 months (compared to 47%) [relative risk 2.1, 95% CI 1.5–
3.0, P = 0.012]. Waist circumference correlated strongly with visceral adipose tissue area (q = 0.840, P < 0.001). Low skeletal muscle was prevalent
(41% of patients), but did not predict endoscopic recurrence; however,
appendicular skeletal muscle indices correlated inversely with faecal calprotectin (q = 0.560, P = 0.046).
Conclusions
Visceral adiposity is an independent risk factor for endoscopic recurrence
of Crohn’s disease after surgery. Sarcopenia correlates with inﬂammatory
biomarkers. Measures of visceral adipose tissue may help to stratify risk in
post-operative management strategies.
Aliment Pharmacol Ther 2017; 45: 1255–1264
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INTRODUCTION
Visceral adipose tissue has distinct metabolic activity,
cellular composition, inﬂammatory inﬁltrate and cytokine production.1 In Crohn’s disease, visceral adipose tissue has a different proﬁle of adipocytokine expression
than in healthy controls, and is the main source of
serum TNF-a,2 which is a speciﬁc target of Crohn’s disease treatment. Mesenteric ‘fat wrapping’ of the intestine
in Crohn’s disease was recognised by Crohn as a feature
of the condition,3 and is disease-speciﬁc, correlating with
transmural inﬂammation.4 Inﬂammatory activity in the
submucosal and stromal tissues has been implicated in
post-operative Crohn’s disease recurrence, with myenteric plexitis a described risk factor for recurrence.5–8
There is considerable variation in the anatomical
deposition of fat among individuals of the same body
mass index and same total fat mass,9, 10 with cross-sectional abdominal imaging providing accurate measurement of fat area and volume.10–13 Patients with Crohn’s
disease are known to have a higher ratio of intra-abdominal to total abdominal fat, and higher visceral adipose
tissue area, than controls.14, 15 Pro-inﬂammatory genes
are up-regulated with increasing visceral adipose tissue
volume.16 In the obese state, visceral adipose tissue is
inﬁltrated by inﬂammatory cells; adipose tissue macrophages can account for as much as 40 per cent of the
cellular mass.17 The pro-inﬂammatory milieu of an
enlarged visceral adipose tissue compartment may predispose to recurrent Crohn’s disease after surgery.
The majority of patients with Crohn’s disease will
require surgery for the condition,18 and recurrence after
surgery is common, with 48–93% of patients having
endoscopic lesions at 1 year post operation.19 Optimal
post-operative management to prevent recurrence has
been the focus of much research. Identiﬁcation of risk
factors for relapse and appropriate escalation of therapy
appear to improve outcomes and resource utilisation.20–
23

Few patient-related factors have been identiﬁed as
increasing risk of post-operative Crohn’s disease recurrence; smoking status is the most recognised, conferring
more than double the risk.19, 20, 22 In this study, we
sought to determine whether body composition is a predictor of, and relates to, post-operative Crohn’s disease
recurrence in a cohort of patients who had resection of
all macroscopic Crohn’s disease.

MATERIALS AND METHODS
The POCER study was a prospective, randomised controlled trial in post-operative Crohn’s disease patients,
1256

examining the role of early endoscopic surveillance and
treatment escalation for mucosal recurrence. This study
has been the source of a number of publications.20, 21, 23–28 Patients were enrolled after surgery for
Crohn’s disease with resection of all macroscopic disease.
All patients received 3 months of metronidazole
(400 mg orally twice-daily; dose reduced or discontinued
if not tolerated). Patients with prior resections, smokers
or those with perforating disease also received azathioprine (2 mg/kg/day) or 6-mercaptopurine (1.5 mg/kg/
day) unless intolerant – in which case, adalimumab at
standard induction and maintenance doses was used.
Patients were randomised 2:1 to colonoscopy 6 months
post-operatively (active care) or no colonoscopy (standard care). If patients were on corticosteroids at study
enrolment, they were tapered and ceased by week 12.
Patients with endoscopic recurrence (Rutgeerts
score29 ≥ i2) at 6 months received treatment escalation:
to thiopurine, thiopurine with fortnightly adalimumab,
or weekly adalimumab as appropriate. The primary endpoint of the study was endoscopic recurrence at
18 months. Stool samples were collected at baseline (preoperatively) and at 6, 12 and 18 months after surgery;
markers of inﬂammation, including calprotectin, lactoferrin and S100A12 were assayed. Other clinical and biochemical data were collected at 6, 12 and 18-month time
points. The study included 174 patients at 17 hospitals
in Australia and New Zealand.
Subjects who had an abdominal CT or MRI within
12 months prior to enrolment at the primary POCER
study site were identiﬁed by cross-reference with that
site’s radiology database. Scans had been performed as
clinically appropriate and were not part of the study protocol, therefore only a subset of the POCER subjects
were included in this analysis. Digital Imaging and Communications in Medicine images at L3 and L4-5 levels
were imported and analysed for body composition using
SliceOmatic 4.3 (TomoVision, Montreal, Canada) by a
single experienced operator, who was blinded to study
categories and treatments. An intra-observer coefﬁcient
of variation of 1.5% was recorded, consistent with ranges
of 0.2–3.4% cited in a validation study,30 which also
found inter-investigator coefﬁcient of variation 0.9–4.8%.
The data obtained were de-identiﬁed prior to further
analysis. For CT images, Hounsﬁeld unit (HU) ranges
were used to differentiate between components of body
composition; tissue from 30 to +150 HU was segmented as muscle. Further correction and manual segmentation was performed according to tissue planes. For
MRI scans, visual identiﬁcation of tissue planes by the
Aliment Pharmacol Ther 2017; 45: 1255–1264
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same operator was used to segment images. Analysis of
this nature has been shown to provide similar results as
CT analysis in the same subjects,31 using software providing results interchangeable with SliceOmatic.32 Visceral adipose tissue area, subcutaneous adipose tissue
area and skeletal muscle area were calculated for the relevant segments. Ratios between these variables and
patient height were calculated. Using previously
described formulae,33 estimations were made of appendicular skeletal muscle indices (ASMI), total body fat
mass and fat-free mass. Waist circumference was measured from images using a recognised technique.34

Statistical considerations
Values for body composition parameters were expressed
as a proportion of the gender-speciﬁc mean value for the
cohort. Endoscopic outcomes were assessed at
18 months. Modiﬁed intention-to-treat analysis included
patients who withdrew prior to 18 months with exit
colonoscopy ﬁndings carried forward; patients without
colonoscopy were assigned a Rutgeerts score of i2 (endoscopic recurrence).
Data were analysed with Prism 6 (GraphPad Software,
La Jolla, CA, USA) and SPSS statistics 24 (IBM Corp,
Armonk, NY, USA). A P < 0.05 was considered signiﬁcant. Spearman correlation coefﬁcients were calculated
for nonparametric correlations. Mann–Whitney tests
were used to analyse differences between means for categorical data. Contingency analysis was performed with
Fisher’s exact test. Receiver operator characteristic
(ROC) curves were used to identify cut-off values
between outcome categories.
ETHICAL CONSIDERATIONS
This analysis of the POCER study dataset and acquisition and analysis of previously performed imaging studies was approved by the Human Research Ethics
Committee of St Vincent’s Hospital Melbourne (approval
LRR: 054/15), as was the original POCER study (approval HREC-A 077/09). The POCER study was registered with ClinicalTrials.gov number NCT00989560.
RESULTS
Of the 66 subjects enrolled at the primary study site, 44
patients (67%) had imaging performed at that site, with
available electronic images, prior to study entry. Of
these, 33 had been assigned to active care, and 11 to
standard care, with 10 patients withdrawing before
18 months (Figure 1). Characteristics of the subjects are
described in Table 1. The median time between
Aliment Pharmacol Ther 2017; 45: 1255–1264
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abdominal imaging and surgery was 56 days (IQR 22–
127 days prior to surgery); 25 studies were CT scans and
19 were MRI. There was no difference in rates of endoscopic recurrence in groups divided according to indication for scan (P = 0.928). There were no differences in
any anthropometric or body composition parameter
between the high risk and low risk groups, nor between
those randomised to endoscopy or standard care. In the
endoscopy group, there was no statistically signiﬁcant
difference in body composition parameters between eight
patients who stepped up therapy and those who did not.
Steroid use in the pre-operative period was not associated with a difference in mean values of any body composition measurement or derivative, but was associated
with a signiﬁcantly smaller change in faecal calprotectin
from baseline to 18 month measurements (mean change
-173 lg/g  964 vs.
1958 lg/g  1202, P = 0.013).
Pre-operative steroid use (within 2 weeks of surgery) was
also associated with a ‘high risk’ categorisation (P =
0.003) and initial treatment with adalimumab (P =
0.008). The use of steroids was not different between
those who had endoscopic recurrence (11/25) and those
who did not (8/19, P = 1.000).

Relationships with adipose tissue
Mean values of body composition measurements are
shown in Table 2. The parameters with the greatest variance were the visceral adipose tissue area at L3 [expressed as a proportion of gender mean, with s.d. 0.909]
and this value divided by height squared [‘visceral adipose tissue/height index’ (VHI) (expressed as a proportion of gender mean, with s.d. 0.937)]. Both exhibited an
asymmetric distribution: there was signiﬁcant rightwards
skew (VHI 2.14) and excessive kurtosis. Other body
composition parameters, such as BMI, did not demonstrate such variability or departure from a normal distribution (Figure 2). Of this cohort of IBD patients, 29.5%
had a BMI in the overweight or obese range, compared
with 63.4% in the general Australian population.35
Area under the ROC curve analysis showed VHI/gender mean was more sensitive and speciﬁc than visceral
adipose tissue area, or visceral adipose tissue area/
height2, for detecting endoscopic remission, although this
only became a discriminant at higher than mean values.
A cut-off value of 1.5 times the mean was identiﬁed. All
patients with visceral adipose tissue area, or VHI, >1.5
times the gender-speciﬁc mean were assigned endoscopic
recurrence at 18 months (Figure 2), whereas 47% of
those with VHI ≤1.59 (gender mean) had recurrence
[relative risk 2.1 (CI 1.5–3.0], P = 0.012]. Three subjects
1257
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Screening and
consent at single site
n = 66

Imaging at study site,
surgery, stratification
n = 44

High risk
n = 36
thiopurine treatment

Low risk
n=8
no thiopurine

Randomised
n = 44

Active care
n = 33
(26 HR, 7 LR)

Standard care
n = 11
(10 HR, 1 LR)

Withdrew before 6
months
n = 1 (patient
preference)

Withdrew between 0
and 18 months
n = 2 (2 symptom
recurrence)
Colonoscopy at 6
months

No change in therapy
n = 22
(7 LR, 15 HR)

Withdrew between 6
and 18 months n = 7
(3 pregnancy, 1 lost
to followup, 1
comorbidity, 2 patient
preference)

Step-up therapy
n = 10
(10 HR)

n = 25

n=9

Primary outcome measure:
Colonoscopy at 18 months

Figure 1 | Trial proﬁle and patient disposition.

with VHI >1.59 (gender mean) did not undergo endoscopy at the 18-month endpoint – all experienced clinical recurrence prior (at 4.7 months, 15.1 months and
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17.3 months respectively). High/low risk status, randomisation outcomes, and drug treatments including
step-up therapy were not signiﬁcantly different between
Aliment Pharmacol Ther 2017; 45: 1255–1264
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Table 1 | Characteristics of study participants
Female, n
Age, years  s.d.
Disease duration (mean  s.d.)
BMI, kg/m2 (mean  s.d.)
Initial post-operative drug therapy
Metronidazole only
Thiopurine
Adalimumab
Steroid use, n
Days between scan and
surgery (median  IQR)
Indication for scan, n
Active disease/inﬂammation
Obstructive/stricture
Penetrating/ﬁstulising
Perianal disease
Information unavailable

24
37.8  14.2
5.5  4.0
23.5  4.9
8 (17.8%)
26 (57.8%)
10 (22.2%)
20
56 (22–127)

54.5%

45.5%

14
14
6
1
9

these patients and the remainder of the cohort. Early
withdrawal rate did not vary signiﬁcantly between these
groups (P = 0.322).
Contingency analysis found that VHI >1.59 (gender
mean) was highly speciﬁc for endoscopic recurrence
[100% (82–100%)] with sensitivity of 29% (12–51%).
Positive predictive value was 1.00 (0.59–1.00) and negative predictive value 0.53 (0.35–0.70). Above a cut-off
visceral adipose tissue area/height2 value of 51 cm2/m2,
all eight patients had endoscopic recurrence (Figure 2).
There was no signiﬁcant difference in the mean CDAI
at 18 months between those with VHI greater than or
less than 1.5 times the gender mean (117.6 vs. 85.0,
P = 0.341). 43% of those with VHI >1.59 (gender
mean) had taken steroids at the time of surgery, this was
the same proportion as those with VHI ≤1.59 (gender
mean) [P = 0.938]. The mean VHI was not different

between those who had not taken steroids and those
who had (30.99 cm2/m2 vs. 35.60, P = 0.884).
From chi-square analysis, the relative risk of recurrence in patients with excessive visceral adiposity (2.1)
was similar to that of smokers in the sample selected in
this analysis [RR 2.1 (1.2–3.6), P = 0.015].
Waist circumference (WC) strongly correlated with fat
area measurements, in particular visceral adipose tissue
area (q = 0.840, P < 0.001); however, in patients with visceral adipose tissue area >1.5 times the gender mean, this
correlation between visceral adipose tissue area and waist
circumference was not signiﬁcant. The range of WC measurements was much smaller than the range of VHI, with
a more symmetrical distribution (skewness 0.93 vs. 2.35)
and less kurtosis. The range of WC values as a proportion
of gender mean was 0.77-1.38 (IQR 0.89–1.10), whereas
the VHI range was 0.12–4.81 (IQR 0.37–1.28). This smaller variation and symmetrical distribution from the mean
diminished the discriminative value of waist circumference in comparison to VHI, although all four patients
with a waist circumference >1.3 times the gender mean
had endoscopic recurrence. Gender-speciﬁc WC cut-off
values for prediction of recurrence could not be identiﬁed,
but all ﬁve (three female, two male) patients with WC
>105 cm experienced recurrence (P = 0.060).

Relationships with skeletal muscle
Low muscle mass was prevalent: 41% of patients had a calculated ASMI consistent with sarcopenia as deﬁned by an
appendicular skeletal muscle index less than two standard
deviations below a young adult mean measured by whole
body dual-energy X-ray absorptiometry.36, 37 No patient
had the combination of low muscle mass and obesity (sarcopenic obesity). Skeletal muscle area did not predict

Table 2 | Mean values of body composition parameters (BMI, body mass index; VAT, visceral adipose tissue area;
SAT, subcutaneous tissue area; IMAT, intermuscular adipose tissue area; SM, skeletal muscle area)
Gender

Endoscopic outcome

Male
n = 20
Weight, kg (mean  s.d.)
Height, m (mean  s.d.)
BMI, kg/m2 (mean  s.d.)
Waist circumference,
cm (mean  s.d.)
VAT, cm2 (mean  s.d.)
SAT, cm2 (mean  s.d.)
IMAT, cm2 (mean  s.d.)
SM, cm2 (mean  s.d.)

Female
n = 24

P

Remission
n = 19

Recurrence
n = 25

P

76.9
1.80
23.66
89.0






13.0
0.07
3.54
12.7

65.1
1.66
23.39
87.1






18.6
0.08
5.87
15.0

0.019
<0.001
0.855
0.65

72.8
1.77
23.12
87.9






14.8
8.39
3.29
9.8

68.8
1.70
23.84
87.9






18.9
0.11
5.89
16.5

0.451
0.019
0.614
0.995

126.7
122.5
6.7
155.4






106.0
76.7
4.2
28.2

75.2
170.2
4.5
104.9






73.9
132.4
3.2
20.7

0.076
0.144
0.056
<0.001

88.7
149.9
6.2
138.1






49.5
79.4
3.9
37.1

106.1
147.5
5.0
120.0






115.6
133.2
3.8
31.9

0.504
0.942
0.310
0.096
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Figure 2 | (a) Values for body mass index (BMI) were
clustered around the gender-speciﬁc mean. VHI
(visceral adipose tissue area/height2) exhibited a
greater range, with all subjects with VHI >1.5 times the
gender mean demonstrating endoscopic recurrence; (b)
All subjects with visceral adipose tissue area/height2
(VHI) >51 cm2/m2 had endoscopic recurrence.

endoscopic outcomes. There was a moderate inverse correlation between skeletal muscle area and faecal inﬂammatory markers (calprotectin, lactoferrin and S100A12) at
baseline. Calculated ASMI also showed inverse correlation
with faecal markers [q = 0.564, P = 0.005 for calprotectin; correlation coefﬁcients and P values similar for
other faecal markers (Figure 3)]. This relationship was
consistent across the study duration, with an inverse correlation between ASMI and the change in calprotectin
from baseline to 18 months (q = 0.560, P = 0.046) suggesting that increased muscle mass was associated with
reduced intestinal inﬂammation regardless of treatment
effects (Figure 3). The mean baseline faecal calprotectin
was signiﬁcantly higher in patients with sarcopenia
(2570 lg/g  879 vs. 1095 lg/g  1074, P = 0.003).

DISCUSSION
Identifying excessive visceral adipose tissue as a risk factor for post-operative Crohn’s disease recurrence,
1260

regardless of treatment, in the setting of a prospective
randomised study is a novel ﬁnding. As a proof of concept study, we chose an arbitrary measure of visceral
adiposity with internal reference to describe the poorer
outcomes experienced by subjects with a corrected visceral adipose tissue signiﬁcantly higher than the median.
The large range of values of VHI compared with anthropometric measures such as waist circumference allowed
identiﬁcation of statistically signiﬁcant predictors of outcome within a small dataset. In the POCER study,
smoking was identiﬁed as a risk for endoscopic recurrence with a relative risk of 2.8.20 Excessive visceral adiposity conferred a similar increase in relative risk in our
analysis.
Lifetime steroid exposure was not assessed in this
study, and the effect of steroid use on body composition
parameters in the short term is not well-deﬁned in
patients with inﬂammatory diseases, with visceral adipose
tissue accumulation being described as a characteristic of
Crohn’s disease, independent of steroid use.14, 38–40
The prevalence of sarcopenia in this cohort of patients
requiring surgery for complicated Crohn’s disease was an
expected ﬁnding, however, the association between low
skeletal muscle mass and faecal calprotectin has not previously been described.
Successful risk stratiﬁcation and appropriate perioperative management are key to preventing post-operative
recurrence of Crohn’s disease,41 with previous studies
associating increased hazard with patient and surgical
parameters such as smoking, disease behaviour, resection
length and history of previous resection,19 serology28, 42
and microbial factors.26 Prior steroid use has been associated with a reduced risk of post-operative recurrence
in a meta-analysis.43 Individualised post-operative medical care based on risk factors, with early monitoring for
recurrence and escalation of therapy if necessary, allows
cost-effective management.20–22, 44, 45
This study is limited by the post hoc analysis of a
sample of the entire study, with sample size preventing
more rigorous subgroup regression analysis, including
the role of body composition in drug efﬁcacy and
therapeutic monitoring. Although randomisation to
active treatment, smoking status and excessive visceral
adiposity were identiﬁed as variables contributing to risk
of Crohn’s disease recurrence, larger patient numbers
and more data regarding prior therapy and surgical ﬁndings may have allowed more robust analysis of the interaction between these and other possibly contributory
factors such as corticosteroid use, disease duration and
extent of resection. Abdominal imaging was not part of
Aliment Pharmacol Ther 2017; 45: 1255–1264
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Figure 3 | (a) A negative association between calculated appendicular skeletal muscle index (ASMI) and faecal
calprotectin existed, and (b) was consistent across the study period.

the study protocol, and there was variation in the time
between scan and surgery. However, we have previously
shown that a strong correlation existed between body
composition analysis using abdominal imaging obtained
as part of routine clinical care, compared with dedicated
whole body dual energy X-ray absorptiometry (DXA)
studies performed at a different time in Crohn’s disease
patients; with scans performed a median 21 days (IQR
0–135 days) apart. Notably, there was no correlation
between time between scans and difference between the
values33 suggesting that despite active intestinal inﬂammation or symptoms, body composition parameters
remained stable over this period. Nevertheless, the
strengths of a prospective trial support the data obtained,
with all subjects having no macroscopic disease at induction, deﬁned follow-up and pre-determined end points.
Our paper adds to a small, but growing, body of literature regarding the role of body composition in inﬂammatory diseases. Crohn’s disease patients in clinical
remission have been found three times more likely than
healthy controls to have sarcopenia,46 with a recent systematic review47 ﬁnding that body composition parameters often varied from population norms, including lower
bone mineral density,48 lower body mass index (BMI)
and lower fat-free mass.49, 50 Expansion of the visceral
adipose tissue compartment in Crohn’s disease is also
described, with a four-fold increase in adipocyte number
compared to controls51 and an increased volume of visceral adipose tissue.15, 38, 52
Measures of visceral adipose tissue have been associated with the likelihood of Crohn’s disease recurrence
in a retrospective cohort analysis of post-surgical
patients,53 The current study validates those ﬁndings in
Aliment Pharmacol Ther 2017; 45: 1255–1264
ª 2017 John Wiley & Sons Ltd

a prospective study and in another ethnic population,
their subjects exclusively being Han Chinese. In that
study, a higher ratio of visceral adipose tissue to subcutaneous adipose tissue (mesenteric fat index) correlated
with recurrence, consistent with another small retrospective study which demonstrated a higher incidence
of penetrating or stricturing disease in patients with a
higher mesenteric fat index.54 Visceral adiposity – but
not BMI – was a risk factor for longer operative times,
more blood loss, longer intestinal resection, more postoperative ileus and more complications overall in
another retrospective cohort study using pre-operative
CT scan to perform body composition analysis.39 We
do not have data regarding these surgical factors in
our study. An observational cohort study found that
penetrating or stricturing Crohn’s disease was associated with an increased visceral adipose tissue/fat mass
ratio, and that a high visceral adipose tissue/fat mass
ratio was associated with increased disease activity at
follow-up.15 High mesenteric fat index, but not BMI
nor abdominal circumference, was associated with 30day morbidity in a retrospective cohort of 143
patients.55 Conversely, a lower mesenteric fat index has
been associated with more post-operative infectious
complications in Crohn’s disease.56 The mesenteric fat
index or visceral adipose tissue/fat mass ratio were not
associated with any of the outcome measures in our
study.
Increased visceral adipose tissue is associated with
alterations in gut microbial population ratios,57 with similar alterations present in inﬂammatory bowel disease.58, 59 This interplay between an altered microbiota
and host immune system is another possible mechanism
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of visceral adiposity being associated with Crohn’s disease recurrence.
We found that inﬂammatory biomarkers showed an
inverse correlation with skeletal muscle mass; although
this has not previously been described with faecal calprotectin, in patients undergoing colorectal surgery for
malignancy, low muscle mass was associated with higher
serum calprotectin.60 While this association may be
explained by the fact that inﬂammation and cachexia are
catabolic states, causing reduced muscle mass, there may
be a bidirectional inﬂuence. Skeletal muscle has been
shown to exert an anti-inﬂammatory effect in inﬂammatory diseases through the action of myokines such as IL6, IL-7 and IL-15.61, 62
In this analysis of a set of patients from a prospective
interventional study, excessive visceral adiposity was an
independent risk factor for endoscopic recurrence of
Crohn’s disease after surgery. Sarcopenia also correlated
with elevations in faecal calprotectin. Further research
may lead to validation of these ﬁndings and the integration of measures of visceral adipose tissue into postoperative management strategies.
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Summary and discussion
This study joins a small literature validating body composition as a risk factor for post-operative
recurrence of Crohn’s disease. Our finding, that excessive visceral adiposity was associated with
endoscopic recurrence, regardless of treatment, was similar to that of a retrospective cohort
study9 published during the preparation of this manuscript. It agreed with our first hypothesis
for this study, hypothesis 6: That body composition parameters predict endoscopic recurrence after surgery for
Crohn’s disease. Unfortunately, the number of patients with adalimumab levels was small (seven
only), making impossible any analysis of a conjectured inverse correlation between visceral
adipose tissue area and adalimumab levels (hypothesis 7: That increased visceral adipose tissue is
associated with less response to treatment with adalimumab, and with lower serum adalimumab levels).
Other limitations of the study include statistical constraints: as the index of visceral adipose
tissue to height (VHI) was not normally-distributed, and as all subjects with a VHI greater than
1.5 times the gender mean had endoscopic recurrence (pseudo-separation of data), it was
difficult to incorporate this measure into standard regression analyses. Visual inspection of the
distribution of values of VHI compared with body mass index, with outcomes (figure 2),
underscores the conclusions of this chapter.
The multiple possible treatments also make determination of interaction between body
composition and prophylactic medical therapy for Crohn’s disease difficult in a sample of this
size. For example, of the 33 subjects in this sample who were randomised to early endoscopy,
the seven low-risk subjects all remained in endoscopic remission at six months; six of the 33
patients began the study being treated with adalimumab, and of the twenty treated with
thiopurines, 50% were escalated to adalimumab. In this circumstance, multivariable regression
analysis was not reliable.
Building a predictive model which incorporated visceral adipose tissue to height index, smoking
status, disease factors such as penetrating phenotype, and possibly microbial10, genetic11,12, and
surgical variables may allow more appropriate and cost-effective use of prophylactic therapies.
This model, and the directed therapeutic interventions, will need to be prospectively validated
– but this work does demonstrate that body composition is a predictor of risk.

148

Chapter 7: Visceral adiposity predicts recurrence in post-operative Crohn’s disease patients

Chapter references
1.

Cosnes J, Cattan S, Blain A, Beaugerie L, Carbonnel F, Parc R, et al. Long-term
evolution of disease behavior of Crohn's disease. Inflamm Bowel Dis. 2002
Jul;8(4):244–50.

2.

Rutgeerts P, Geboes K, Vantrappen G, Beyls J, Kerremans R, Hiele M. Predictability
of the postoperative course of Crohn's disease. Gastroenterology. 1990 Oct;99(4):956–
63.

3.

Rutgeerts P. Crohn's disease recurrence can be prevented after ileal resection. Gut.
2002 Aug 1;51(2):152–3.

4.

Lemann M. Review article: can post-operative recurrence in Crohn's disease be
prevented? Aliment Pharmacol Ther. 2006 Oct;24 Suppl 3(s3):22–8.

5.

Gionchetti P, Dignass A, Danese S, Magro Dias FJ, Rogler G, Lakatos PL, et al. 3rd
European Evidence-based Consensus on the Diagnosis and Management of Crohn’s
Disease 2016: Part 2: Surgical Management and Special Situations. J Crohns Colitis.
Oxford University Press; 2017 Feb 1;11(2):135–49.

6.

De Cruz P, Kamm MA, Hamilton AL, Ritchie KJ, Krejany EO, Gorelik A, et al.
Crohn's disease management after intestinal resection: a randomised trial. Lancet.
2015 Apr 11;385(9976):1406–17.

7.

Schweitzer L, Geisler C, Pourhassan M, Braun W, Gluer CC, Bosy-Westphal A, et al.
What is the best reference site for a single MRI slice to assess whole-body skeletal
muscle and adipose tissue volumes in healthy adults? Am J Clin Nutr. 2015 Jul
1;102(1):58–65.

8.

Hu HH, Chen J, Shen W. Segmentation and quantification of adipose tissue by
magnetic resonance imaging. MAGMA. 2016 Apr;29(2):259–76.

9.

Li Y, Zhu W, Gong J, Zhang W, Gu L, Guo Z, et al. Visceral fat area is associated
with a high risk for early postoperative recurrence in Crohn's disease. Colorectal Dis.
2015 Mar;17(3):225–34.

149

10.

Wright EK, Kamm MA, Wagner J, Teo S-M, Cruz PD, Hamilton AL, et al. Microbial
Factors Associated with Postoperative Crohn's Disease Recurrence. J Crohns Colitis.
2016 Jul 27;:jjw136.

11.

Germain A, Guéant R-M, Chamaillard M, Bresler L, Guéant J-L, Peyrin-Biroulet L.
CARD8 gene variant is a risk factor for recurrent surgery in patients with Crohn's
disease. Dig Liver Dis. 2015 Nov;47(11):938–42.

12.

Fowler SA, Ananthakrishnan AN, Gardet A, Stevens CR, Korzenik JR, Sands BE, et
al. SMAD3 gene variant is a risk factor for recurrent surgery in patients with Crohn's
disease. J Crohns Colitis. 2014 Aug;8(8):845–51.

150

Chapter 8: Conclusion

Chapter 8: Conclusion
Main findings
The format of this thesis by publication entails discussion of the findings of individual studies,
placed in the context of cited existing research, within the text of each chapter. Describing the
studies as constituents of a whole body of research, therefore, is the purpose of this concluding
chapter. Some repetition of key themes and findings is inescapable, but this synopsis aims to
demonstrate an overarching narrative; many previously cited references are omitted in the
interests of concision.
The systematic review of the literature in this thesis has revealed multifactorial and bidirectional
interactions between body composition and treatment for Crohn’s disease. Crohn’s disease is
associated with particular changes in body composition: loss of muscle and bone, and increased
visceral adipose tissue. In turn, these changes have prognostic implications and may predict
response to treatment. In an era when ‘precision medicine’ – an integrative approach
combining genomics, proteomics, patient and environmental factors to identify subgroups for
the selection of optimal diagnostic tests and treatments – is a policy and research priority, the
use of body composition analysis appears to offer much value. However, there are significant
deficits in the literature regarding choice of medications based on likelihood of response,
optimal dosing of existing and novel therapies, and nutritional and medical protocols to avoid
osteoporosis, muscle wasting and impaired muscle function in Crohn’s disease. Routine
application of body composition analysis may better inform treatment decisions in these areas,
but the systematic review has identified that prospective trials examining body composition as
a determining factor of treatment are lacking. Many of the drugs used to treat Crohn’s disease
have not been subject to studies to determine optimal dosage: not at all in the case of
corticosteroids, thiopurines and methotrexate, and not in relation to body composition
compartments and the effect of body composition on pharmacokinetics for newer therapies
such as anti-TNF and anti-integrin agents. There are limited data regarding the effect of
physiological, anatomical or functional compartments of body composition on disease-related
outcomes.
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Precision medicine and personalised medicine are evolutions of a concept that places the
individual patient at the centre of the diagnostic process and therapy. Assimilating measures of
the patient experience is fundamental to this approach. The questionnaire distributed to
members of a national patient support group, described in chapter 3, interrogated beliefs
regarding the importance of diet in inflammatory bowel disease. From a large sample,
information regarding the distribution of body weight in a contemporary cohort of patients
provided a different perspective to historical publications. The prevalence of dietary restriction,
the diversity of advice given by practitioners, and the disconnection between patient experience
and beliefs and practitioner recommendations highlight the need for a stronger research base
in the area of nutrition in inflammatory bowel disease. As one of the major determinants of
body composition, quantifying current nutritional practices in an Australian setting provides
context for the subsequent research areas of the thesis.
Chapter 4 describes the validation of a technique for utilising existing CT and MRI abdominal
imaging to estimate whole-body measures of body composition in Crohn’s disease patients.
This method had not previously been validated in this context. Low muscle mass was prevalent
in the described cohort of Crohn’s disease patients, with low muscle mass measured by crosssectional imaging associated with low bone mineral density measured by DXA.
The next chapter applies the method validated in chapter 4 to a cohort of Crohn’s disease
patients treated with a cornerstone of therapy, the thiopurine anti-metabolites. As the
systematic review identified, there were no dose-finding studies of these medications in Crohn’s
disease, but current guidelines suggest that the dose should be determined by weight. Moving
towards an individualised approach, recent research has shown that intracellular
concentrations of thiopurine metabolites are associated with treatment efficacy and toxicity.
Thiopurine metabolite testing now forms a part of clinical practice – although prospective trial
evidence of its benefit is scarce. Chapter 5 found that the conventional, weight-based, method
of thiopurine dosing was not associated with levels of therapeutic thiopurine metabolites, nor
was dose adjusted for body composition parameters. Potentially toxic metabolite levels
correlated with higher drug doses and lower fat-free mass. This was the first publication
evaluating body composition and thiopurine metabolite levels, but the findings are supported
by several studies examining the effect of body weight on metabolite levels, and suggest that
arbitrary dosing – at less than a threshold level of approximately 3.2 milligrams of azathioprine
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per kilogram of fat-free mass, to avoid toxicity – and then adjustment per metabolite testing
may be an optimal strategy.
Despite high rates of initial clinical response to anti-TNF drugs, the majority of patients treated
with these medications experience loss of response. Chapter 6 explored the effect on clinical
outcomes of body composition prior to anti-TNF initiation. No papers regarding anti-TNF
drugs and body composition in Crohn’s disease have been published. The methods described
in chapter 4 were again used. A hypothesised interaction between visceral adipose tissue area
and time to loss of response was not found. Low muscle mass relative to a young adult mean
was prevalent. Patients with skeletal muscle area lower than the cohort median experienced
significantly earlier loss of response to anti-TNF therapy. Clinical patient-specific risk factors,
rather than genetic, disease-related or medication-related factors, are scarce. The implications
of this finding may be pharmacokinetic – with different doses of anti-TNF required in myopenic
patients to achieve therapeutic levels and clinical efficacy – or may highlight the need for earlier
intervention to prevent the development of cachexia. The combined use of body composition
analysis and drug level monitoring in this circumstance of high inflammatory burden may allow
precision use of medical therapy.
An individualised approach to prevent post-operative recurrence of Crohn’s disease is already
relatively advanced. The POCER study was an interventional trial in which known risk factors
for recurrence, such as smoking status, perforating disease and prior surgery were used to
stratify subjects, determine initial post-operative medical treatment and allow randomisation to
early endoscopy and treatment escalation or standard care. A number of subjects were
identified with recent cross-sectional imaging, which permitted body composition analysis. The
major finding of this investigation was that large visceral adipose tissue area, particularly when
adjusted for gender and height, is associated with endoscopic recurrence. A negative correlation
existed between skeletal muscle area and an important biomarker of Crohn’s disease activity.

Implications and significance of this research
Elements of this research project address absences of published data in areas identified by a
systematic review of the literature. While the findings must be taken in the context of each study
design without unwarranted extrapolation, the novel information generated by this research
and identification of body composition as a determinant of outcomes in Crohn’s disease may
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form a basis for further investigation, and development of strategies for optimal individualised
medical management.
Patients with inflammatory bowel disease place great importance in their diet but do not believe
this concern is shared by their treating clinicians. The qualitative evidence obtained from the
questionnaire study in chapter 3 provides a background for developing evidence-based dietary
guidelines in an Australian context, as dietary modification was common while specialised
advice was often unheeded or not received. Clinicians gave a diversity of advice, which reflects
a lack of clear, professionally-endorsed guidance. A higher prevalence of overweight and
obesity was reported than in many historical cohorts, which may have implications for dietary
recommendations, health policy and treatment choices and costs. A relationship between drug
therapy and body composition was suggested by the significant association between repeated
courses of corticosteroids and increased weight; this adds to a literature regarding the effect of
corticosteroids on body composition and may inform an individualised treatment approach.
The technique of body composition analysis described in chapter 4 had been previously been
used in other patient groups, but its validation against the reference standard of DXA in this
setting unlocks the possibility of body composition analysis in many existing and wellcharacterised research cohorts, as most Crohn’s disease patients have suitable scans performed
as part of their routine clinical care. Retrospective analysis of body composition in existing trial
and clinical datasets permits further understanding of the effect of body composition on
treatment for Crohn’s disease by providing robust data for incorporation into regression
analysis, and does so without extraneous radiation exposure or the requirement for subjects to
undergo further testing.
Contrary to our hypothesis in chapter 5, the relationship between body composition
compartments and thiopurine dose did not correlate with therapeutic metabolite levels.
Instead, a relationship between treatment toxicity and low muscle mass relative to drug dose
was identified. This may form the basis of further research to offer an improved dosing
algorithm.
Low skeletal muscle mass in Crohn’s disease patients is associated with greater disease severity
and longer duration of illness. It is a reversible state, but prevention, identification and
treatment do not form part of present Crohn’s disease treatment algorithms. Finding that low
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muscle mass, independent of disease duration or clinical phenotype, was associated with earlier
loss of response to anti-TNF drugs (chapter 6) has implications for clinical practice. It suggests
that early treatment directed at improving muscle mass may have beneficial clinical effects, and
that anti-TNF drug efficacy may be affected by muscle mass. Pharmacokinetic, immunological
and disease-specific factors may be responsible for this effect, and further research into the
interaction between muscle mass and anti-TNF drugs may allow improvements in the use of
this medication class.
The post-operative setting provides a unique opportunity to evaluate the efficacy of Crohn’s
disease treatments and identify risk factors for recurrent disease: standardised systems for
grading endoscopic recurrence exist, and endpoints and chronology are easily flagged. The
effect of risk factors can be easily studied. Finding that subjects with high levels of visceral
adiposity were particularly susceptible to endoscopic recurrence adds to a small list of patientspecific factors known to contribute to risk. This may prompt more aggressive disease therapy
after Crohn’s disease surgery for patients with greater amounts of visceral fat, and highlights
this body composition compartment as an active player in the inflammatory milieu.

Limitations
Perhaps inevitably, research expectations and study designs have changed during this project.
From an initial focus on the role of fat-derived cell signals – adipocytokines – in Crohn’s disease,
the research has moved to encompass more clinical outcomes. This has meant a reliance on
retrospective analysis, although two of the studies have examined outcomes after a defined
intervention. A weakness of this research is the lack of a prospective, interventional component.
The direction of causality cannot be established; although the two-way, complex interactions
between Crohn’s disease and body composition make this unlikely to be established even in
prospective studies. Whereas we may surmise that low muscle mass is a cause of anti-TNF
failure due to pharmacokinetic reasons, it may be the case that low muscle mass reflects an
underlying refractory disease phenotype (chapter 6).
Selection bias was possible in chapters 5-7, as only patients with relatively contemporaneous
abdominal imaging were included in analysis. The clinical indication for the scan may have
meant that patients were more unwell, or had a greater incidence of penetrating disease, for
example. However, as the comparisons in these studies were internal, this bias may only mean
the need for extra caution when extrapolating findings to other groups.
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Questionnaire design proved somewhat problematic in chapter 3. While a great deal of data
was returned, and gratefully received, analysis of qualitative data was difficult. There were few
opportunities to directly compare the responses obtained from patients and those from
clinicians, and data interpretation may have been more powerful with the use of more
continuous variables to allow correlation analysis rather than an over-reliance on categorical
responses. Lessons were learned regarding fundamentals of questionnaire design. No question
concerned the prevalence of body composition measurement, by DXA or other methods, in
this large cohort, or the likelihood of clinicians to request this. Despite these limitations, further
analysis of the large dataset is possible, and there were omissions from the publication after peer
review.
The absence of disease outcome measures in chapter 5 is an important limitation. The findings
are weakened by the lack of data regarding thiopurine methyltransferase genotype and
aminosalicylate co-prescription, both important factors in thiopurine metabolism. This
information was not consistently recorded in the cohort being studied, which emphasises the
utility of systems of data collection and management in clinical contexts.
Retrospective analysis of a prospective trial has the advantages of carefully recorded data and
defined endpoints, however, the complexity of the POCER study and the relatively small
number of subjects made subgroup analysis impossible. While the findings of chapter 7 are
notable, larger patient numbers and fewer treatment options may have made possible stronger
regression analysis to determine the significance of visceral adiposity as a risk factor for
endoscopic recurrence of Crohn’s disease.

Recommendations for practitioners, and direction of future work
Predictive modelling of Crohn’s disease activity and drug effects in individual patients to direct
optimal safe, cost-effective treatment is a growing and necessary area of research. Body
composition analysis has been relatively neglected in this field of study. Barriers to its
prospective use include a lack of incorporation in guidelines, the absence of a single
standardised, universally valid method and occasionally esoteric nomenclature. Access to many
techniques of body composition can be limited in clinical settings.
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Despite these impediments, routinely including body composition analysis in a healthcare
setting at the current time may offer benefits to individual patients, by identifying treatable
causes of disease-related morbidity such as osteoporosis and sarcopenia. Whole-body DXA
provides accurate information regarding components of body composition and is generally
available. Periodic DXA scanning is recommended for Crohn’s disease patients to assess bone
mineral density, but utilisation is poor. Clinicians should feel encouraged to consider greater
uptake. Failure to recognise the presence, or effects, of changes in body composition is often
due to not looking for them.
The identified lack of strong evidence-based dietary guidelines for inflammatory bowel disease
patients should prompt further study into the role of diet in the pathogenesis and
symptomatology of Crohn’s disease.
Other clinical messages from this research include the suggestion that thiopurine dosing is best
guided by metabolite level testing rather than weight-based dosing or dose escalation in
underweight subjects, that low muscle mass be considered a risk factor for treatment failure
with anti-TNF drugs, and that visceral adiposity may confer extra risk of endoscopic recurrence
in post-operative Crohn’s disease patients; perhaps indicating greater treatment requirements.
This thesis has identified body composition as a likely component of a composite predictive
model of Crohn’s disease behaviour and therapeutic requirement. Further research may
confirm this, and establish its place in clinical practice. This research may include retrospective
analysis of previous study cohorts using the methods described in chapter 4, as well as
prospective studies incorporating body composition analysis.
Pharmacokinetic studies and drug trials which incorporate body composition measurement are
needed. While a need exists for prospective trials, thiopurines and anti-TNF drugs have welldefined threshold measurements for therapeutic efficacy, with datasets in clinical settings that
may allow retrospective analysis. Results would seek to optimise drug selection and dosing in a
setting where treatment failure and toxicity are common.
Better understanding of the drivers of muscle and bone catabolism in Crohn’s disease, and the
disease-related sequelae of these changes, may help to define phenotypes with prognostic
implications and may identify new molecular targets of treatment. While much of the literature
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identified in the systematic review reported measures of well-described cytokines such as TNFalpha and interleukin-6, future research will benefit from more accessible genotypic and
proteomic analysis to determine links. After identification of a body composition phenotype,
genome-wide association studies may provide further information regarding genetic variations
that confer susceptibility. Such an approach has already been used in cachexia associated with
malignancy and chronic obstructive pulmonary disease.
In the post-operative setting, incorporation of body composition measurement and assessment
of visceral adiposity into treatment algorithms may have clinical benefit; this finding should be
validated in other cohorts.

Summary
Body composition in Crohn’s disease is affected by disease severity and duration with loss of
skeletal muscle and bone mineral density, and increased visceral adiposity, being hallmarks of
the condition. A diversity of practice regarding the role of diet exists within clinicians treating
inflammatory bowel disease and despite patients observing widespread dietary restrictions,
their expectations of specific advice are not met by practitioners. Accurate analysis of body
composition is possible using abdominal imaging which is frequently obtained as part of routine
clinical care. Low skeletal muscle mass is associated with earlier failure of anti-TNF treatment,
and potentially hepatotoxic thiopurine metabolite levels, but body composition analysis does
not predict therapeutic metabolite levels. Increased visceral adiposity is associated with Crohn’s
disease recurrence after surgery.
These findings place body composition central to the concept of individualised treatment for
Crohn’s disease, as a prognostic factor and determinant of drug efficacy and toxicity.
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COPYRIGHT TRANSFER AGREEMENT
Date: February 10, 2017
Contributor name: DARCY HOLT
Contributor address:
Manuscript number: APT-1506-2016.R3
Re: Manuscript entitled Visceral Adiposity Predicts Post-Operative Crohn’s Disease Recurrence (the
"Contribution")
for publication in Alimentary Pharmacology and Therapeutics (the "Journal")
published by John Wiley & Sons Ltd ("Wiley")
Dear Contributor(s):
Thank you for submitting your Contribution for publication. In order to expedite the editing and publishing process
and enable the Owner to disseminate your Contribution to the fullest extent, we need to have this Copyright
Transfer Agreement executed. If the Contribution is not accepted for publication, or if the Contribution is
subsequently rejected, this Agreement shall be null and void.
Publication cannot proceed without a signed copy of this Agreement.

A. COPYRIGHT
1. The Contributor assigns to the Owner, during the full term of copyright and any extensions or renewals, all
copyright in and to the Contribution, and all rights therein, including but not limited to the right to publish, republish,
transmit, sell, distribute and otherwise use the Contribution in whole or in part in electronic and print editions of the
Journal and in derivative works throughout the world, in all languages and in all media of expression now known or
later developed, and to license or permit others to do so. For the avoidance of doubt, "Contribution" is defined to
only include the article submitted by the Contributor for publication in the Journal and does not extend to any
supporting information submitted with or referred to in the Contribution ("Supporting Information"). To the extent
that any Supporting Information is submitted to the Journal for online hosting, the Owner is granted a perpetual,
non-exclusive license to host and disseminate this Supporting Information for this purpose.
2. Reproduction, posting, transmission or other distribution or use of the final Contribution in whole or in part in any

2. Reproduction, posting, transmission or other distribution or use of the final Contribution in whole or in part in any
medium by the Contributor as permitted by this Agreement requires a citation to the Journal suitable in form and
content as follows: (Title of Article, Contributor, Journal Title and Volume/Issue, Copyright © [year], copyright
owner as specified in the Journal, Publisher). Links to the final article on the publisher website are encouraged
where appropriate.
B. RETAINED RIGHTS
Notwithstanding the above, the Contributor or, if applicable, the Contributor’s employer, retains all proprietary
rights other than copyright, such as patent rights, in any process, procedure or article of manufacture described in
the Contribution.
C. PERMITTED USES BY CONTRIBUTOR
1. Submitted Version. The Owner licenses back the following rights to the Contributor in the version of the
Contribution as originally submitted for publication (the "Submitted Version"):
a. The right to self-archive the Submitted Version on the Contributor’s personal website, place in a not for
profit subject-based preprint server or repository or in a Scholarly Collaboration Network (SCN) which has
signed up to the STM article sharing principles [
http://www.stm-assoc.org/stm-consultations/scn-consultation-2015/] ("Compliant SCNs"), or in the
Contributor’s company/ institutional repository or archive. This right extends to both intranets and the
Internet. The Contributor may replace the Submitted Version with the Accepted Version, after any
relevant embargo period as set out in paragraph C.2(a) below has elapsed. The Contributor may wish to
add a note about acceptance by the Journal and upon publication it is recommended that Contributors
add a Digital Object Identifier (DOI) link back to the Final Published Version.
b. The right to transmit, print and share copies of the Submitted Version with colleagues, including via
Compliant SCNs, provided that there is no systematic distribution of the Submitted Version, e.g. posting
on a listserve, network (including SCNs which have not signed up to the STM sharing principles) or
automated delivery.
2. Accepted Version. The Owner licenses back the following rights to the Contributor in the version of the
Contribution that has been peer-reviewed and accepted for publication, but not final (the "Accepted Version"):
a. The right to self-archive the Accepted Version on the Contributor’s personal website, in the
Contributor’s company/institutional repository or archive, in Compliant SCNs, and in not for profit
subject-based repositories such as PubMed Central, subject to an embargo period of 12 months for
scientific, technical and medical (STM) journals and 24 months for social science and humanities (SSH)
journals following publication of the Final Published Version. There are separate arrangements with
certain funding agencies governing reuse of the Accepted Version as set forth at the following website:

http://www.wiley.com/go/funderstatement. The Contributor may not update the Accepted Version or
replace it with the Final Published Version. The Accepted Version posted must contain a legend as
follows: This is the accepted version of the following article: FULL CITE, which has been published in final
form at [Link to final article]. This article may be used for non-commercial purposes in accordance with
the Wiley Self-Archiving Policy [ http://olabout.wiley.com/WileyCDA/Section/id-828039.html ].

b. The right to transmit, print and share copies of the Accepted Version with colleagues, including via
Compliant SCNs (in private research groups only before the embargo and publicly after), provided that
there is no systematic distribution of the Accepted Version, e.g. posting on a listserve, network (including
SCNs which have not signed up to the STM sharing principles) or automated delivery.
3. Final Published Version. The Owner hereby licenses back to the Contributor the following rights with respect
to the final published version of the Contribution (the "Final Published Version"):
a. Copies for colleagues. The personal right of the Contributor only to send or transmit individual copies

of the Final Published Version in any format to colleagues upon their specific request, and to share
copies in private sharing groups in Compliant SCNs, provided no fee is charged, and further provided that
there is no systematic external or public distribution of the Final Published Version, e.g. posting on a
listserve, network or automated delivery.
b. Re-use in other publications. The right to re-use the Final Published Version or parts thereof for any
publication authored or edited by the Contributor (excluding journal articles) where such re-used material
constitutes less than half of the total material in such publication. In such case, any modifications must be
accurately noted.

c. Teaching duties. The right to include the Final Published Version in teaching or training duties at the
Contributor’s institution/place of employment including in course packs, e-reserves, presentation at
professional conferences, in-house training, or distance learning. The Final Published Version may not be
used in seminars outside of normal teaching obligations (e.g. commercial seminars). Electronic posting of
the Final Published Version in connection with teaching/training at the Contributor’s company/institution is
permitted subject to the implementation of reasonable access control mechanisms, such as user name
and password. Posting the Final Published Version on the open Internet is not permitted.
d. Oral presentations. The right to make oral presentations based on the Final Published Version.
4. Article Abstracts, Figures, Tables, Artwork and Selected Text (up to 250 words).
a. Contributors may re-use unmodified abstracts for any non-commercial purpose. For online uses of the
abstracts, the Owner encourages but does not require linking back to the Final Published Version.
b. Contributors may re-use figures, tables, artwork, and selected text up to 250 words from their
Contributions, provided the following conditions are met:
(i) Full and accurate credit must be given to the Final Published Version.
(ii) Modifications to the figures and tables must be noted. Otherwise, no changes may be made.
(iii) The re-use may not be made for direct commercial purposes, or for financial consideration to
the Contributor.
(iv) Nothing herein will permit dual publication in violation of journal ethical practices.
D. CONTRIBUTIONS OWNED BY EMPLOYER
1. If the Contribution was written by the Contributor in the course of the Contributor’s employment (as a
"work-made-for-hire" in the course of employment), the Contribution is owned by the company/institution which
must execute this Agreement (in addition to the Contributor’s signature). In such case, the company/institution

must execute this Agreement (in addition to the Contributor’s signature). In such case, the company/institution

hereby assigns to the Owner, during the full term of copyright, all copyright in and to the Contribution for the full
term of copyright throughout the world as specified in paragraph A above.

For company/institution-owned work, signatures cannot be collected electronically and so
instead please print off this Agreement, ask the appropriate person in your
company/institution to sign the Agreement as well as yourself in the space provided below,
and email a scanned copy of the signed Agreement to the Journal production editor. For
production editor contact details, please visit the Journal’s online author guidelines.
2. In addition to the rights specified as retained in paragraph B above and the rights granted back to the
Contributor pursuant to paragraph C above, the Owner hereby grants back, without charge, to such
company/institution, its subsidiaries and divisions, the right to make copies of and distribute the Final Published
Version internally in print format or electronically on the Company’s internal network. Copies so used may not be

resold or distributed externally. However, the company/institution may include information and text from the Final
Published Version as part of an information package included with software or other products offered for sale or
license or included in patent applications. Posting of the Final Published Version by the company/institution on a

public access website may only be done with written permission, and payment of any applicable fee(s). Also, upon
payment of the applicable reprint fee, the company/institution may distribute print copies of the Final Published
Version externally.
E. GOVERNMENT CONTRACTS
In the case of a Contribution prepared under U.S. Government contract or grant, the U.S. Government may
reproduce, without charge, all or portions of the Contribution and may authorize others to do so, for official U.S.
Government purposes only, if the U.S. Government contract or grant so requires. (U.S. Government, U.K.
Government, and other government employees: see notes at end.)
F. COPYRIGHT NOTICE
The Contributor and the company/institution agree that any and all copies of the Final Published Version or any
part thereof distributed or posted by them in print or electronic format as permitted herein will include the notice of
copyright as stipulated in the Journal and a full citation to the Journal.
G. CONTRIBUTOR'S REPRESENTATIONS
The Contributor represents that the Contribution is the Contributor’s original work, all individuals identified as
Contributors actually contributed to the Contribution, and all individuals who contributed are included. If the

Contribution was prepared jointly, the Contributor has informed the co-Contributors of the terms of this Agreement
and has obtained their written permission to execute this Agreement on their behalf. The Contribution is submitted
only to this Journal and has not been published before, has not been included in another manuscript, and is not
currently under consideration or accepted for publication elsewhere. If excerpts from copyrighted works owned by
third parties are included, the Contributor shall obtain written permission from the copyright owners for all uses as
set forth in the standard permissions form or the Journal’s Author Guidelines, and show credit to the sources in the
Contribution. The Contributor also warrants that the Contribution and any submitted Supporting Information
contains no libelous or unlawful statements, does not infringe upon the rights (including without limitation the
copyright, patent or trademark rights) or the privacy of others, or contain material or instructions that might cause
harm or injury. The Contributor further warrants that there are no conflicts of interest relating to the Contribution,
except as disclosed. Accordingly, the Contributor represents that the following information shall be clearly
identified on the title page of the Contribution: (1) all financial and material support for the research and work; (2)

any financial interests the Contributor or any co-Contributors may have in companies or other entities that have an

any financial interests the Contributor or any co-Contributors may have in companies or other entities that have an
interest in the information in the Contribution or any submitted Supporting Information (e.g., grants, advisory
boards, employment, consultancies, contracts, honoraria, royalties, expert testimony, partnerships, or stock
ownership); and (3) indication of no such financial interests if appropriate.
H. USE OF INFORMATION
The Contributor acknowledges that, during the term of this Agreement and thereafter, the Owner (and Wiley where
Wiley is not the Owner) may process the Contributor’s personal data, including storing or transferring data outside
of the country of the Contributor’s residence, in order to process transactions related to this Agreement and to
communicate with the Contributor. By entering into this Agreement, the Contributor agrees to the processing of the
Contributor’s personal data (and, where applicable, confirms that the Contributor has obtained the permission from
all other contributors to process their personal data). Wiley shall comply with all applicable laws, statutes and
regulations relating to data protection and privacy and shall process such personal data in accordance with Wiley’s
Privacy Policy located at: http://www.wiley.com/WileyCDA/Section/id-301465.html.

[ X ] I agree to the COPYRIGHT TRANSFER AGREEMENT as shown above, consent to execution and delivery of
the Copyright Transfer Agreement electronically and agree that an electronic signature shall be given the same
legal force as a handwritten signature, and have obtained written permission from all other contributors to execute
this Agreement on their behalf.

Contributor's signature (type name here):

Darcy Holt

Date:

February 10, 2017

SELECT FROM OPTIONS BELOW:
[ X ] Contributor-owned work
[ ] U.S. Government work

Note to U.S. Government Employees
A contribution prepared by a U.S. federal government employee as part of the employee's official duties, or
which is an official U.S. Government publication, is called a "U.S. Government work", and is in the public
domain in the United States. In such case, Paragraph A.1 will not apply but the Contributor must type his/her
name (in the Contributor's signature line) above. Contributor acknowledges that the Contribution will be
published in the United States and other countries. If the Contribution was not prepared as part of the
employee's duties or is not an official U.S. Government publication, it is not a U.S. Government work.

[ ] U.K. Government work (Crown Copyright)
Note to U.K. Government Employees

For Crown Copyright this form cannot be completed electronically and should be printed off, signed in
the Contributor’s signatures section above by the appropriately authorised individual and returned to

the Contributor’s signatures section above by the appropriately authorised individual and returned to
the Journal production editor by email. For production editor contact details please visit the Journal’s
online author guidelines. The rights in a contribution prepared by an employee of a UK government

department, agency or other Crown body as part of his/her official duties, or which is an official government
publication, belong to the Crown and must be made available under the terms of the Open Government
Licence. Contributors must ensure they comply with departmental regulations and submit the appropriate
authorisation to publish. If your status as a government employee legally prevents you from signing this
Agreement, please contact the Journal production editor.
[ ] Other

Including Other Government work or Non-Governmental Organisation work
Note to Non-U.S., Non-U.K. Government Employees or Non-Governmental Organisation Employees

For Other Government or Non-Governmental Organisation work this form cannot be completed
electronically and should be printed off, signed in the Contributor's signatures section above by the

appropriately authorised individual and returned to the Journal production editor by email. For
production editor contact details please visit the Journal’s online author guidelines. If you are employed by the

Department of Veterans Affairs in Australia, the World Bank, the World Health Organization, the International
Monetary Fund, the European Atomic Energy Community, the Jet Propulsion Laboratory at California Institute
of Technology, the Asian Development Bank, or are a Canadian Government civil servant, please download a
copy of the license agreement from http://olabout.wiley.com/WileyCDA/Section/id-828023.html and return it to
the Journal Production Editor. If your status as a government or non-governmental organisation employee
legally prevents you from signing this Agreement, please contact the Journal production editor.

Name of Government/Non-Governmental Organisation:
_____________________________________________________________
[ ] Company/institution owned work (made for hire in the course of employment)
For "work made for hire" this form cannot be completed electronically and should be printed off,
signed and returned to the Journal production editor by email. For production editor contact details

please visit the Journal's online author guidelines. If you are an employee of Amgen, please download a copy

of the company addendum from http://olabout.wiley.com/WileyCDA/Section/id-828023.html and return your
signed license agreement along with the addendum.

Name of Company/Institution:
_____________________________________________________________

Authorized Signature of Employer:

___________________________________________

Date:

___________________________________________

Signature of Employee:

___________________________________________

Date:

___________________________________________

