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BACKGROUND: Poor outcome of inflammatory bowel disease (IBD) is associated with malnutrition. Our aim was to compare body
composition (BC) and physical activity (PA) between patients with IBD and healthy controls, and to assess the changes in BC, PA and
health related quality of life (HRQoL) in children with IBD during anti-TNF therapy.
METHODS: 32 children with IBD (21 with Crohn’s disease (CD), (age: 15.2 ± 2.6 years, 9 male) and 11 with ulcerative colitis (UC),
(age: 16.4 ± 2.2 years, 5 male) participated in this prospective, observational follow up study conducted at Semmelweis University,
Hungary. As control population, 307 children (age: 14.3 ± 2.1) (mean ± SD) were included. We assessed BC via bioelectric
impedance, PA and HRQoL by questionnaires at initiation of anti-TNF therapy, and at two and six months later. The general linear
model and Friedman test were applied to track changes in each variable.
RESULTS: During follow-up, the fat-free mass Z score of children with CD increased significantly (-0.3 vs 0.1, p= 0.04), while the BC
of patients with UC did not change. PA of CD patients was lower at baseline compared to healthy controls (1.1 vs. 2.4), but by the
end of the follow up the difference disappeared.
CONCLUSIONS: The fat-free mass as well as PA of CD patients increased during the first six months of anti-TNF treatment. As
malnutrition and inactivity affects children with IBD during an important physical and mental developmental period, encouraging
them to engage in more physical activity, and monitoring nutritional status should be an important goal in patient care.
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INTRODUCTION
Inflammatory bowel diseases (IBD), including Crohn’s disease (CD)
and ulcerative colitis (UC), have a significant negative effect on
health-related quality of life (HRQoL) and physical activity (PA),
furthermore, is it often associated with undernutrition [1, 2].
Malnutrition is a condition, when the imbalance of energy,

protein, and other nutrients causing adverse effects on function,
clinical outcome and body form (e.g. body composition (BC)), such
as loss of lean mass or fat-free mass (FFM, body weight without fat
mass) and / or skeletal muscle mass (SMM), even with normal
body mass index (BMI) [3–5]. The loss of SMM increases the risk for
sarcopenia, which is a predictor of adverse clinical outcomes, and
is associated with a higher risk for relapse, need for surgery and
reduced efficacy of biologicals in children with IBD [6]. Malnutri-
tion and impaired BC may contribute to impaired HRQoL in
patients with IBD [7]. In addition, PA is also associated with HRQoL
and BC, as it was found to have a positive influence on HRQoL and
lean body mass in patients with IBD [7–10].

Elevated TNF-α levels are known to be involved in skeletal
muscle loss and growth impairment [11]. According to studies in
adults, anti-TNF therapy may have a potential positive effect on
sarcopenia by inhibiting inflammation and catabolism in skeletal
muscles, however the literature is limited [12–15].
The BC, HRQoL, and PA triad seems to be related [7–10, 16, 17].

Though, changes in BC, PA, and HRQoL during biological therapy
in pediatric IBD have not been studied. Only one cross-sectional
study including patients with quiescent and mild disease assessed
these factors and found significantly lower lean mass, grip
strength, and PA compared to controls [17]. Therefore, our
primary aim was to assess the changes in BC, HRQoL and PA of
children with IBD initiating anti-TNF therapy and to compare BC
and PA between patients with IBD and healthy controls. Our
secondary aim was to analyse baseline characteristics of patients
with or without risk of sarcopenia at the beginning of anti-TNF
therapy and to follow the changes in BC.
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MATERIALS AND METHODS
From October 2016 to December 2018, patients with pediatric IBD starting
anti-TNF therapy were recruited at the Ist Department of Pediatrics at
Semmelweis University, Budapest, Hungary for assessment of BC, HRQoL,
and PA in this prospective single-center, observational cohort study.

Patients
Patients with IBD initiating anti-TNF therapy were consecutively included if
they were between 10 and 19 years of age and signed an informed consent.
Exclusion criteria were concomitant conditions affecting BC, PA, or HRQoL
(e.g., autism spectrum disorder, edema, cirrhosis, hypoalbuminemia,
hypersensitivity to infliximab, or other reasons leading to discontinuation
of therapy, associated endocrine or chronic disorders (e.g., diabetes
mellitus), known active malignancy, and lack of informed consent).
The diagnosis of IBD was based on the Porto criteria [18]. Anti-TNF

therapy was indicated based on the administration criteria of the National
Health Insurance Fund of Hungary and international guidelines [19, 20].
It is recommended to use population and device specific reference values

for appropriate BC evaluation with BIA devices [21]. Therefore, 307 healthy
children aged 10-18 years from local secondary schools were also included
in this study to create reference values. Exclusion criteria for the control
group were acute diseases, such as infections during the last 4 weeks before
the evaluation, and chronic disorders or physical disabilities. In addition,
controls also filled out the PA questionnaire. This way BC as well as PA could
also be compared between children with IBD and controls.

Procedure and measures
Study design. BC, HRQoL, PA, disease activity, and laboratory parameters
were assessed at the start of anti-TNF therapy (measurement 0, M0), at the
end of induction (M2), and at 6 months (M6).

Anthropometry and body composition. We measured height using a
stadiometer and calculated BMI as weight [kg]/height[m2]. BMI, weight,
and height were compared with the national longitudinal growth
reference [22]. BC was assessed using bioelectrical impedance analysis
with a multi-channel device at 5, 50, 250, 500, and 1000 kHz (InBody 720
(Biospace Co, Ltd, Seoul, Korea)). BC was measured before noon (8:00-
12:00), after at least two hours fasting in minimal clothing, with abducted
upper extremities (30°) without jewelry and watches. We extracted the
FFM, SMM, and body fat mass (BFM) data from the device records.

Physical activity. To assess PA, two self-administered, 7-day recall
questionnaires, the Canadian Physical Activity Questionnaire for Older
Children (PAQ-C) and Adolescents (PAQ-A) were adapted and then applied.
The questionnaire consists of 10 questions and provides an activity score
between 1–5 (where 1 represents low activity and 5 represents high
activity level) [23].
The questionnaire was completed by all patients at every measurement

point. In addition, 204 children from the healthy control group completed the
questionnaire. The PA of patients with IBD was compared to age-, sex-, and
BMI-matched controls; the ratio of the cases and controls was 1:3.

Health related quality of life assessment. HRQoL was assessed using the
disease-specific Canadian IMPACT-III Quality of Life questionnaire, adapted
to Hungarian by Szabó et al. [24, 25]. It consists of six subscales (bowel
symptoms, systemic symptoms, emotional functioning, social functioning,
body image, and treatment) with 35 questions. Possible scores range from
35 to 175.

Patient-related parameters. Disease-specific data (e.g., disease location,
laboratory parameters, and concomitant medical therapy) were obtained
from medical records at the time of bioimpedance measurement. The Paris
Classification was applied for the localization and disease phenotype [26].
Disease severity was estimated using the Pediatric Crohn’s Disease Activity
Index (PCDAI) and Pediatric Ulcerative Colitis Activity Index (PUCAI) scores
[27, 28]. Remission was defined as PCDAI ≤ 10 in the CD group, and
response to therapy was defined as a ≥15-point reduction in PCDAI. In the
UC group, the cut-off point of remission was PUCAI < 10 points, and
response to therapy was defined as a decrease in PUCAI score ≥20 points.

Statistical analysis. Continuous variables are shown as mean ± SD in the
tables. Height, weight, and BMI values were converted to age- and sex-
specific standard deviation Z scores, using Hungarian population-based

data (22).
Reference values for BC parameters (FFM, SMM, and BFM) were

generated from the data of the healthy cohort group with the LMS
(Lambda Mu and Sigma method), method using Statistica software. The
LMS method summarizes the changing distribution by three curves
representing the median (M), coefficient of variation ((S), ie, the ratio of the
SD and mean) and skewness (L), transforming data to normality [29]. We
used age, sex, and BMI-based Z scores to analyze BC data of IBD patients.
Baseline characteristics, anthropometric and BC parameters, HRQoL, PA,

and their changes during the study period were analyzed. We compared
these parameters between patients with CD and UC. In addition, we
divided the patients into two groups based on the baseline SMM Z score.
Patients were considered to have a risk of sarcopenia based on SMM Z
score ≤-1 (Group A); these patients were compared to children (Group B)
whose SMM Z score was >-1.
An independent t test was applied to analyze the difference in baseline

characteristics between groups. The general linear model (GLM) was
applied to track changes in each variable of BC, laboratory parameters, and
disease activity indices throughout the study period. Pearson’s correlation
coefficient was used for the correlation probes. The level of significance
was set at p < 0.05. The distribution of the results of the HRQoL and PA
questionnaires was non-parametric; thus, the Friedman test was
performed. Post hoc analysis with Wilcoxon signed rank test was
conducted with a Bonferroni correction, resulting in a significance level
of p < 0.017. HRQoL and PA were compared between the groups using the
Mann-Whitney U test. Questionnaires’ results are shown in median + IQR
in figures. All analyses were performed using IBM SPSS Statistics for
Windows, version 20 (Chicago, IL).

Ethics
The study was approved by the Semmelweis University Institutional
Committee for Research Ethics (SE TUKEB No: 215/2016).

RESULTS
Baseline clinical and demographic characteristics
During the study period, thirty-five patients started biological
therapy, three of whom were excluded due to autism spectrum
disorder (n= 1), young age (younger than 10 years) (n= 1), and
leg fracture (n= 1) (Supplementary Fig. 1). Altogether, 32 IBD
patients, 21 CD (age: 15.2 ± 2.6 years (mean+ SD), 9 male) and 11
UC patients (age: 16.4 ± 2.2 years, 5 male) were enrolled. Anti-TNF
agents (adalimumab and infliximab) were administered according
to the standard dosing protocols, except for four patients who
needed intensification based on clinical judgment during the
follow-up. There were no patients who stopped anti-TNF therapy
during the study period.
Patients with CD had a significantly lower hemoglobin and a

higher thrombocyte level, compared to UC group. The median
time between diagnosis and starting anti-TNF therapy was 1.4 and
3 years in CD and UC group, respectively. Most of the CD patients
had an ileocolonic (42.8%) or colonic (33.3%) disease. Among UC
patients, most of the patients had left sided disease (81.8%).
Concomitant therapy was azathioprine in 80% and 63% in patients
with CD and UC, respectively, in addition, 19% and 36% of patients
received systemic steroids. Further data on baseline demo-
graphics, clinical characteristics, biomedical markers, and current
therapy are summarized in Table 1.
By the end of the induction period (M2), 58% of the patients

with CD (10/17) and 37.5% of the patients with UC (3/8) achieved
clinical remission. One CD patient and one UC patient responded
to anti-TNF therapy without achieving clinical remission. After six
months of anti-TNF therapy, 21% of the children with CD (3/14)
and 45% of the patients with UC (5/11) still had an active disease
(Supplementary Fig. 2).

Body composition at baseline and during the first six months
of anti-TNF therapy
At baseline, the mean BMI Z score was –1.1 of children the CD and
-0.9 in the UC group (Table 2). Height and weight Z scores were
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not significantly different between the CD and UC groups. Patients
with CD had a significantly lower FFM Z score compared to the UC
group (–0.4 vs 0.5 p= 0.04); meanwhile, the mean BFM Z score
was 1.0 in both groups. There was a high correlation in the UC
group between albumin and BFM Z scores (R= 0.6, p= 0.03), and
hemoglobin and BFM Z scores (R= 0.7, p= 0.02).
During the study period, mean height, weight, and BMI Z scores

did not change in children with CD or UC (Supplementary Table 1).
However, mean FFM Z score increased significantly in the CD

group (M0: –0.3 ± 1.2, M2: –0.1 ± 1.1, M6: 0.1 ± 1.2, p < 0.05) (Fig.
1A; Supplementary Table 1). The BC parameters in the UC group
did not change during the first six months of anti-TNF therapy
(Fig. 1B; Supplementary Table 1).

HRQoL and physical activity during the first six months of
anti-TNF therapy
At baseline, the median IMPACT-III score was 128.5 (pc 25, 75:
111.5; 137.8) in patients with CD and 109 (pc 25, 75: 83; 129) in
patients with UC. HRQoL did not change significantly (CD: M0,
128.5; M6, 144; UC: M0, 109; M6, 116) Supplementary Table 2).
Comparing PA scores to age, sex, and corresponding BMI-

adjusted controls, PA was lower in the CD group at baseline (CD:
1.1 vs. controls: 2.4), and the difference disappeared by M6 (2.3 vs.
2.4) (Fig. 2A).
In the UC group, PA was comparable to the control group at

baseline, and it did not change throughout the study period (M0:
1.6 vs. 2.3, M6: 1.8 vs. 2.2) (Fig. 2B).
IMPACT III and PAQ scores showed a correlation at M0 in

patients with CD (r= 0.73, p= 0.007).

Subgroup analysis: comparison of children with or without
risk of sarcopenia
As a subgroup analysis, patients were divided into two groups
based on the baseline SMM Z score (Supplementary Table 3).
Patients with risk of sarcopenia were significantly younger and
shorter than patients without risk of sarcopenia (Group A vs.
Group B, age: 13.9 ± 2.8 years vs. 16.4 ± 1.9 years, p < 0.05; height Z
score: 0.7 ± 1.1 vs. 0.4 ± 1.0, p < 0.05, respectively) at the initiation
of anti-TNF therapy. There was no significant difference in disease
duration, activity indices, or any of the laboratory parameters
between the two groups. At M2 and M6, the difference in height Z
score disappeared between the two groups (Group A vs. Group B;
M2: -0.8 ± 1.3 vs. 0.4 ± 1.0, M6: -0.4 ± 1.2 vs. 0.4 ± 1.1). The mean
SMM Z score increased significantly in Group A; however, patients
in Group A still had a significantly lower SMM Z score at M2 and
M6 than children in Group B. SMM Z score did not change during
the study period in Group B (Fig. 3 Supplementary Table 4). There
was no difference in the HRQoL and PAQ between the two groups.

DISCUSSION
In this prospective observational study, we monitored BC, PA, and
HRQoL in 32 patients with pediatric IBD during the first six months
of anti-TNF treatment. We found that the mean FFM Z score
increased significantly in patients with CD during the follow-up,
but not in patients with UC. The PA of CD patients was lower than
that of healthy controls but became comparable by the end of the
study period. We also found that patients with risk of sarcopenia
were younger and shorter compared to patients whose baseline
SMM Z score was above –1.

Table 1. Baseline demographic and clinical characteristics of patients
with Crohn’s disease and ulcerative colitis.

Parameters Crohn’s
disease

Ulcerative
colitis

p

Number of patients 21 11 p > 0.05

Age in years, mean
+SD

15.2 ± 2.6 16.4 ± 2.2 p > 0.05

Gender, male % (n) 42% (9) 45% (51)

Median time between
diagnosis and starting
anti-TNF
therapy(year) [IQR]

1.4 [3.6] 3.0 [3.3] p > 0.05

PCDAI/PUCAI
(mean ± SD)

23.1 ± 14.0 27.3 ± 23.0

CRP (mg/l, mean ± SD) 30.8 ± 43.8 14.1 ± 29.3 p > 0.05

Hemoglobin, g/dL,
mean+SD

114.0 ± 19.8 129.6 ± 16.6 p= 0.03

Thrombocytes (G/L,
mean ± SD)

451.0 ± 169.4 285.3 ± 120.9 p= 0.005

Albumin (g/L, mean
+SD)

38.6 ± 5.8 42.4 ± 7.7 p > 0.05

Extent / Location of the disease

L1 23.8% (5)

L2 33.3% (7)

L3 42.8% (9)

L4 71.4% (15)

E1 0

E2 81.8% (9)

E3 0

E4 18.2% (2)

Disease Behavior (B1, B2, B3)

B1 14

B2 5

B3 2

Medical treatment % (n)

5-ASA 66% (14) 90 (10)

AZA 80% (17) 63% (7)

MTX 0 9% (1)

Antibiotics 42% (9) 27% (3)

Systemic
corticosteroid

19% (4) 36% (4)

Topical steroid 14% (3) 27/% (3)

PCDAI Pediatric Crohn’s Disease Activity Index, PUCAI Pediatric Ulcerative
Colitis Activity Index, CRP C-reactive protein, L1 Ileal, L2 Colonic, L3
Ileocolonic, L4 Upper gastrointestinal tract, B1 Non-stricturing, non-
penetrating, B2 Stricturing, B3 Penetrating, E1 Ulcerative proctitis, E2 left-
sided UC (distal UC), E3 extensive (hepatic flexure distally), E4 pancolitis
(proximal to hepatic flexure), 5-ASA 5-aminosalicylic acid, AZA azathioprine,
MTX methotrexate, SD standard deviation.

Table 2. Baseline body composition parameters of patients with
Crohn’s disease and ulcerative colitis.

Parameters Crohn’s
disease

Ulcerative
colitis

p

Height Z score –0.2 ± 1.2 0.6 ± 1.1 p > 0.05

Weight Z score –1.0 ± 0.8 –0.6 ± 0.7 p > 0.05

BMI Z score –1.1 ± 0.7 –0.9 ± 0.7 p > 0.05

FFM Z score –0.4 ± 1.1 0.5 ± 1.3 p= 0.04

SMM Z score –0.5 ± 1.1 0.4 ± 1.3 p > 0.05

BFM Z score 1.0 ± 1.2 1.0 ± 1.3 p > 0.05

BMI body mass index, FFM fat free mass, SMM skeletal muscle mass, BFM
body fat mass.

K.K. Boros et al.

382

European Journal of Clinical Nutrition (2023) 77:380 – 385



The importance of nutritional status and BC has received
increased attention in the past few decades due to the recognition
of the association between malnutrition, sarcopenia, and poor
prognosis. However, only one cross-sectional study evaluated BC,
PA, and HRQoL of children with IBD in parallel [17].
In our study, patients with CD exhibited features of sarcopenia

based on normal fat stores but decreased FFM at baseline. During
anti-TNF therapy, an increasing FFM Z-score was observed among
patients with CD which is in accordance with previous studies
[30–32]. According to these studies, BC deficits in CD can be a
consequence of immune-mediated mechanisms affecting growth
hormone metabolism, which release during anti-TNF therapy [31, 32].
The mean FFM Z score was higher in the UC group at baseline

than in the CD group, reflecting that malnutrition and loss of lean
mass are less frequent in UC [33–37]. The previous data in
pediatric population are controversial. Boot et al. reported similar
results with us, while other studies showed no difference in
protein-related compartments between IBD subgroups [38–40].
Meanwhile, Hill et al. found lower body cell mass Z scores, while
BMI Z scores were comparable with healthy children, suggesting
reduction of FFM in patients with UC [41].

We did not detect any significant changes in BC parameters in
patients with UC, however they did not have deficits in BC
parameters at baseline. As systemic inflammation is also a part of
the pathogenesis of UC, and could affect BC as well [42]. Csontos
et al. showed smaller change of muscle parameters in adult
patients with UC than in patients with CD during anti-TNF therapy
[14]. Best to our knowledge, BC has not yet been reported in
pediatric UC patients receiving anti-TNF therapy.
Previous studies have reported increasing HRQoL in children

during anti-TNF therapy [25, 43]. Controversy, we did not find
improvement in HRQoL though there was a tendency to increase.
It is of note that the baseline IMPACT-III score values of our
patients were higher and PCDAI values were lower at the time of
initiation of anti-TNF therapy than in earlier studies [25]. This
probably reflects the upcoming practice of early step-down
treatment in high-risk patients. The higher baseline IMPACT-III
and lower PCDAI scores reflect that the anti-TNF was initiated at
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e *
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Ulcerative colitis
Fig. 1 Fat free mass Z score changes in patients. A CD Crohn’s
disease, M0 measurement 0, M2 measurement 2, M6 measurement
6, *: vs. M0, p < 0.05. B UC ulcerative colitis, M0 measurement 0, M2
measurement 2, M6 measurement 6.

M0 M2 M6
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or
e

Crohn's disease
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Crohn's disease
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Fig. 2 Physical activity of patients compared to age, sex and BMI
Z score adjusted controls. A PAQ Physical activity questionnaire, M0
Measurement 0, M2 measurement 2, M6 measurement 6; ****: vs.
Controls, p < 0.00005. B PAQ Physical activity questionnaire, M0
Measurement 0, M2 measurement 2, M6 measurement 6.

Fig. 3 Changes of skeletal muscle mass Z score in children with or
without risk of sarcopenia during the study period. SMM skeletal
muscle mass, M0 measurement 0, M2 measurement 2, M6
measurement 6; *: vs. M0, p < 0.05; **:vs. M0, p < 0.005; ###: vs. the
equivalent parameter in SMM Z score < -1, p < 0.0005.
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an earlier stage of the disease, so we could “maintain” the HRQoL
of our patients with anti-TNF therapy.
PA was lower in patients with IBD than in healthy controls at

baseline. Data on the association between anti-TNF therapy and
PA from earlier studies are limited and conflicting [13, 44]. The lack
of increase in PA in our study may be partly due to parental
overprotective behavior and ongoing disease activity. However,
the increase in FFM without a significant change in PA may
suggest the role of anti-TNF via mucosal healing and blockade of
lipolytic and proteolytic effects of inflammatory cytokines.
Our secondary aim was to compare patients with risk (SMM Z

score ≤–1) and without risk (SMM Z score > -1) of sarcopenia.
While in adults, sarcopenia is defined as decreased muscle mass
and muscle strength [45], there is no consensus in the definition of
sarcopenia in pediatric population [6]. In our study, we considered
children with a lower SMM Z score (baseline SMM Z score ≤–1) to
have a risk of sarcopenia. Comparing the baseline characteristics
of children with and without risk of sarcopenia, we found, that
patients with a risk of sarcopenia were younger and shorter than
those with SMM Z score of > -1, and they had a significant increase
in SMM Z scores, in contrast to patients, without the risk of
sarcopenia. This finding is probably due to the high growth
velocity in early puberty, or maybe because of the greater impact
of anti-TNF agents in this population [46]. Both of them calls
attention to the vulnerability of children in early pubertal age.
Walters et al. also observed that infliximab was associated with an
increased height Z score in patients with early puberty [47]. These
results suggest that the risk of impaired height and BC may be
associated with younger age.
Our study had several strengths and limitations. The low number

of cases, the short follow-up period, and the lack of information
about nutritional intake may limit the general implications of the
study. Furthermore, evaluation of changes in functional muscle
parameters (grip strength) could complete our results. However,
this is a prospective observational follow-up study assessing the
“functioning” of our patients during anti-TNF therapy via evaluation
of PA and HRQoL besides the nutritional status.
In addition, only a few data are available on the BC of pediatric

UC patients, particularly, those undergoing anti-TNF therapy.

CONCLUSION
We observed changes of FFM Z scores in children with CD during
anti-TNF therapy, while weight and BMI did not change, which
highlights that weight and BMI are not enough sensitive markers of
nutritional status. We did not detect significant improvement in
HRQoL and PA suggesting that patients need more time for
functional recovery. The lower age of the patients with lower SMM
Z scores draws attention to the vulnerability of younger patients.
Malnutrition and physical inactivity affects children with IBD during
an important physical and mental developmental period. Encoura-
ging them to engage in more physical activity, and monitoring
nutritional status should be an essential goal in patient care.

DATA AVAILABILITY
The data underlying this article will be shared upon reasonable request from the
corresponding author.

REFERENCES
1. Gatt K, Schembri J, Katsanos KH, Christodoulou D, Karmiris K, Kopylov U, et al.

Inflammatory bowel disease [IBD] and physical activity: a study on the impact of
diagnosis on the level of exercise amongst patients with IBD. J Crohns Colitis.
2019;13:686–92. https://doi.org/10.1093/ecco-jcc/jjy214

2. Mehta NM, Corkins MR, Lyman B, Malon A, Goda PS, Carney LN, et al. American
society for parenteral and enteral nutrition board of directors. defining pediatric
malnutrition: a paradigm shift toward etiology-related definitions. J Parenter
Enter Nutr. 2013;37:460–81. https://doi.org/10.1177/0148607113479972

3. Adams DW, Gurwara S, Silver HJ, Horst SN, Beaulieu DB, Schwartz DA, et al.
Sarcopenia is common in overweight patients with inflammatory bowel disease
and may predict need for surgery. Inflam Bowel Dis. 2017;23:1182–6. https://
doi.org/10.1097/MIB.0000000000001128

4. Lochs H, Allison SP, Meier R, Pirlich M, Kondrup J, Schneider S, et al. Introductory
to the ESPEN guidelines on enteral nutrition: terminology, definitions and general
topics. Clin Nutr. 2006;25:180–6. https://doi.org/10.1016/j.clnu.2006.02.007

5. Atlan L, Cohen S, Shiran S, Sira Ben LB, Pratt LT, Yerushalmy-Feler A. Sarcopenia
is a predictor for adverse clinical outcome in pediatric inflammatory bowel
disease. J Pediatr Gastroenterol Nutr. 2021;72:883–8. https://doi.org/10.1097/
MPG.0000000000003091

6. Ooi PH, Thompson-Hodgetts S, Pritchard-Wiart L, Gilmour SM, Mager DR. Pediatric
sarcopenia: a paradigm in the overall definition of malnutrition in children? J
Parenter Enter Nutr. 2020;44:407–18. https://doi.org/10.1002/jpen.1681

7. Pulley J, Todd A, Flatley C, Begun J. Malnutrition and quality of life among adult
inflammatory bowel disease patients. JGH Open. 2020;4:454–60. https://doi.org/
10.1002/jgh3.12278

8. Ng V, Millard W, Lebrun C, Howard J. Low-intensity exercise improves quality of
life in patients with Crohn’s disease. Clin J Sport Med. 2007;17:384–8. https://
doi.org/10.1097/JSM.0b013e31802b4fda

9. Klare P, Nigg J, Nold J, Haller B, Krug AB, Mair S, et al. The impact of a ten-week
physical exercise program on health-related quality of life in patients with
inflammatory bowel disease: a prospective randomized controlled trial. Diges-
tion. 2015;91:239–47. https://doi.org/10.1159/000371795

10. Sigurdsson GV, Schmidt S, Mellström D, Ohlsson C, Karlsson M, Lorentzon M, et al.
Physical exercise is associated with beneficial bone mineral density and body
composition in young adults with childhood-onset inflammatory bowel disease.
Scand J Gastroenterol. 2021;56:699–707. https://doi.org/10.1080/
00365521.2021.1913759

11. Scaldaferri F, Pizzoferrato M, Lopetuso LR, Musca T, Ingravalle F, Sicignano LL,
et al. Nutrition and IBD: malnutrition and/or sarcopenia? a practical guide. Gas-
troenterol Res Pract 2017;2017:8646495 https://doi.org/10.1155/2017/8646495

12. Subramaniam K, Fallon K, Ruut T, Lane D, McKay R, Shadbolt B, et al. Infliximab
reverses inflammatory muscle wasting (sarcopenia) in Crohn’s disease. Aliment
Pharmacol Ther 2015;41:419–28. https://doi.org/10.1111/apt.13058

13. Santos JCD, Malaguti C, Lucca FA, Cabalzar AL, Ribeiro TCDR, Gaburri PD. et al.
Impact of biological therapy on body composition of patients with Chron’s Dis-
ease. Rev Assoc Med Bras (1992). 2017;63:407–13. https://doi.org/10.1590/1806-
9282.63.05.407

14. Csontos ÁA, Molnár A, Piri Z, Katona B, Dakó S, Pálfi E, et al. The Effect of anti-
TNFα induction therapy on the nutritional status and dietary intake in inflam-
matory bowel disease. J Gastrointestin Liver Dis. 2016;25:49–56. https://doi.org/
10.15403/jgld.2014.1121.251.tnf

15. Holt DQ, Varma P, Strauss BJG, Rajadurai AS, Moore GT. Low muscle mass at
initiation of anti-tnf therapy for inflammatory bowel disease is associated with
early treatment failure: a retrospective analysis. Eur J Clin Nutr. 2017;71:773–7.
https://doi.org/10.1038/ejcn.2017.10

16. Wiestler M, Kockelmann F, Kück M, Kerling A, Tegtbur U, Manns MP, et al. Quality
of life is associated with wearable-based physical activity in patients with
inflammatory bowel disease: a prospective, observational study. Clin Transl
Gastroenterol. 2019;10:e00094 https://doi.org/10.14309/ctg.0000000000000094

17. Werkstetter KJ, Ullrich J, Schatz SB, Prell C, Koletzko B, Koletzko S. Lean body
mass, physical activity and quality of life in paediatric patients with inflammatory
bowel disease and in healthy controls. J Crohns Colitis. 2012;6:665–73. https://
doi.org/10.1016/j.crohns.2011.11.017

18. Levine A, Koletzko S, Turner D, Escher JC, Cucchiara S, Ridder de L, et al. ESPGHAN
revised porto criteria for the diagnosis of inflammatory bowel disease in children
and adolescents. J Pediatr Gastroenterol Nutr. 2014;58:795–806. https://doi.org/
10.1097/MPG.0000000000000239

19. Ruemmele FM, Veres G, Kolho KL, Griffiths A, Levine A, Escher JC, et al. Consensus
guidelines of 320 ECCO/ESPGHAN on the medical management of pediatric Crohn’s
disease. J Crohns Colitis 2014;8:1179–207. https://doi.org/10.1016/j.crohns.2014.04.005

20. Turner D, Levine A, Escher JC, Griffiths AM, Russell RK, Dignass A, et al. Man-
agement of pediatric ulcerative colitis: Joint ECCO and ESPGHAN evidence-based
consensus guidelines. J Pediatr Gastroenterol Nutr. 2012;55:340–61. https://
doi.org/10.1097/MPG.0b013e3182662233

21. Gonzalez MC, Barbosa-Silva TG, Heymsfield SB. Bioelectrical impedance analysis
in the assessment of sarcopenia. Curr Opin Clin Nutr Metab Care. 2019;21:366–74.
https://doi.org/10.1097/MCO.0000000000000496
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