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Academic Editor: Antoni Stadnicki healing, respectively). The same differential increase was observed for body cellular mass (test for

. the interaction between time and outcome, p-value = 0.03 and 0.05 for clinical remission and mucosal
Received: 15 August 2023

Revised: 15 September 2023
Accepted: 18 September 2023 the outcomes (tests for the association with time, p-values of 0.01). To conclude, responsiveness

healing, respectively). Total body water and BMI increased homogenously over time regardless of

Published: 22 September 2023 to UST therapy seems to be associated with body composition modifications in patients with CD.
In particular, the increase in phase angle in responders suggests that a significant improvement of

nutritional status occurred in these patients.
:)4

Copyright: © 2023 by the authors.  Keywords: Crohn’s disease; sarcopenia; ustekinumab; biologics; BIA
Licensee MDPI, Basel, Switzerland.

This article is an open access article
distributed under the terms and
conditions of the Creative Commons

Attribution (CC BY) license (https:// , i i L. . . .
creativecommons.org, licenses /by / Crohn’s disease (CD) is a chronic inflammatory disease characterized by abdominal

10/). pain, diarrhea, endoscopic inflammation, and malnutrition. Indeed, several studies showed

1. Introduction

J. Clin. Med. 2023, 12, 6118. https://doi.org/10.3390/jcm12196118 https:/ /www.mdpi.com/journal /jem


https://doi.org/10.3390/jcm12196118
https://doi.org/10.3390/jcm12196118
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0001-8653-1790
https://orcid.org/0000-0003-2313-5461
https://orcid.org/0000-0001-6263-3864
https://orcid.org/0000-0002-6387-6443
https://orcid.org/0000-0003-1995-1060
https://orcid.org/0000-0002-9150-3345
https://doi.org/10.3390/jcm12196118
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm12196118?type=check_update&version=1

J. Clin. Med. 2023, 12, 6118

2 0f 10

that intestinal malabsorption and catabolic effects of acute inflammation can induce weight
loss and malnutrition with an incidence ranging from 25 to 80% [1-3]. Other important
factors leading to malnutrition in patients with CD are reduced oral food intake, bacterial
overgrowth, impaired epithelial transport, and the loss of epithelial integrity [4].

Malnutrition could be characterized by the deficiency of vitamins or micronutrients,
but also by the depletion of proteins. However, it is worth noting that one of the most
important aspects of malnutrition in CD is correlated with the alterations of body composi-
tion, which could have an important impact on the responsiveness to medical and surgical
treatments, as well as on the disease course [5]. The most important modification of body
composition in patients with CD is the reduction of lean muscle mass, a condition defined
as sarcopenia. Notably, the presence of sarcopenia is particularly important for the disease
course and could be present even under disease remission [6], with an important impact
even on quality of life of patients with CD.

The best way to assess body composition and, consequently, to have an indirect
measurement of nutritional status, is bioelectrical impedance analysis (BIA), which is
widely used in several chronic diseases involving metabolic derangements [7]. BIA is a
non-invasive tool able to measure whole-body impedance, which is the opposition of the
body to alternating current consisting of two components: resistance (R) and reactance
(Xc). The most clinically relevant BIA-derived parameter is the phase angle (PhA), an index
of cell membrane integrity and vitality, which is able to provide crucial information on
cellular health and soft tissue hydration. The PhA is considered to be a strong predictor of
survival in several diseases [8-11], including inflammatory bowel diseases (IBD) [12,13].

Surprisingly, despite the high rates and the important impact of malnutrition and
sarcopenia in patients with CD [14], nutritional assessment has always had a marginal role
in their management [15]. Some studies have been performed to evaluate the impact of anti-
TNF therapies in terms of the improvement of BIA-derived parameters, but no studies have
ever been performed in patients with CD treated with ustekinumab (UST). Interestingly,
Galluzzo et al. [16] showed that UST therapy could be able to increase PhA in patients
with psoriasis, but no data are currently available for patients with inflammatory bowel
diseases. Nevertheless, clinical trials and real-life studies showed that UST is effective in
inducing clinical remission and mucosal healing in CD and in ulcerative colitis [17-19],
and, therefore, it is currently one of the most used treatment options in these settings.

Based on the above background, the aim of the present study was to assess whether
responsiveness to UST therapy is associated with body composition modification in patients
with CD, evaluating the therapeutic outcome in terms of mucosal healing and the nutritional
status in terms of PhA.

2. Materials and Methods

We included in this prospective study all consecutive patients with CD who started
a biological treatment with UST as monotherapy at the Gastroenterology Unit of Pisa
University Hospital, according to ECCO guidelines [20], from the start of September 2020
to the end of September 2021. Patients treated concomitantly with azathioprine or other
immunosuppressants, albeit for other immune-mediated diseases, were excluded from
the study.

The study was conducted in full compliance with the Declaration of Helsinki and was
approved by the Ethics Committee of Pisa University Hospital (CEAVNO) on 23 July 2020.
All patients provided their informed consent to the collection and publication of data.

We collected the following data at baseline: age, sex, disease extent according to
Montreal classification, previous biological treatments, previous intestinal or perianal
surgery, and disease severity according to the Harvey Bradshaw Index (HBI) in combination
with the Simple Endoscopic Score for CD (SES-CD).

An expert team of clinicians evaluated patients at baseline and at week 48, assessing
the disease clinical activity in terms of HBI and evaluating therapeutic response. At baseline,
at week 24, and at week 48, we collected fecal calprotectin (FC) levels.
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At baseline and at week 48, every patient performed BIA in order to estimate body
composition in terms of body cellular mass (BCM), total body water (TBW), body mass
index (BMI), R, and Xc. BIA allows the assessment of several parameters by measuring
the impedance offered by the body to the passage of an alternating electric current flow at
low intensity (800 pA) and fixed frequency. Since the administered current flows predomi-
nantly through low-resistance materials and fat-free mass, seeking the path of the lowest
resistance, there is a lag in the current, which leads to a phase shift [21]. This phase shift
can be represented geometrically as an angular transformation of the ratio of reactance to
resistance: this is known as the PhA [21]. Mathematically, PhA was calculated according to
this formula: PhA = arctan (Xc/R)-180/7t [21]. BIA assessments were performed by using
a Bioelectrical Impedance single frequency Analyzer (BIA/STA, Akern®, Florence, Italy)
with a distal, tetra polar technique, delivering an excitation current at 50 kHz.

All of the enrolled patients underwent a colonoscopy at both baseline and week 48,
when mucosal healing (defined as the disappearance of ulcers) was assessed. All the
endoscopists were experts in the evaluation of CD endoscopic scores and were blinded
from BIA parameters, as well as FC levels at baseline and at week 24. At week 48, clinical
remission was defined as an HBI < 5 without concomitant corticosteroid therapy:.

The study is schematized in Figure 1.

W0 wis

- Colonoscopy
- Clinical evaluation
-FC
-BIA

- Colonoscopy
- Clinical evaluation
-FC
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W16

- Clinical evaluation
-FC

Figure 1. Outline of the study.

Statistical Analysis

Continuous variables were summarized with medians and interquartile ranges (IQRs),
categorical variables with counts, and percentages. We applied mixed effect models with
patients fitted at random levels to describe the trend of anthropometric variables; the
models included time, the outcome (either clinical remission or mucosal healing), and their
interactions as explanatory variables. FC levels were log-transformed to achieve a nearly
normal distribution. Predicted values and p-values of the associations were reported. We
refitted models with an interaction term’s p-value above 0.05, removing the interaction term
to estimate the association of anthropometric variables and FC with time and outcomes.
The within-subject changes of the anthropometric measurements and FC levels over time
in responders and non-responders were visualized through box-plots.

All statistical analyses were performed using R software, version 4.2.2 (R Core Team
(2022). R: A language and environment for statistical computing. R Foundation for Sta-
tistical Computing, Vienna, Austria. URL: https://www.R-project.org/ (accessed on
10 July 2023)).

3. Results

The study sample included 44 patients with CD, of which 26 (59%) were in clinical
remission and 22 (50%) showed mucosal healing at the end of follow up (week 48). Only
two patients were naive to any biological therapy, while 42 were previously treated with at
least one anti-TNF drug.

Table 1 reports the baseline characteristics of the patients, overall and by response to
the treatment. There was no evidence of association of BIA parameters or FC at baseline
with response to therapy.
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Table 1. Baseline characteristics of patients, overall and by response to the treatment.
All Clinical Remission Mucosal Healing
No Yes p-Value * No Yes p-Value *
n=44 n =18 (41%) n =26 (59%) n =22 (50%) n =22 (50%)
Sex, n (%) 0.75 1.00
Female 17 (39) 6 (33) 11 (42) 9 (41) 8 (36)
Male 27 (61) 12 (67) 15 (58) 13 (59) 14 (64)
49 52 47 51 46
Age (36, 55) (36, 58) (36, 54) 0.44 (36, 58) (36, 54) 0.53
Montreal L at baseline, n (%) 0.96 0.96
L1 10 (23) 5 (28) 5(19) 6 (27) 4(18)
L2 10 (23) 4(22) 6 (23) 5 (23) 5(23)
L3 22 (50) 8 (44) 14 (54) 10 (45) 12 (55)
L3+14 2 (5) 1(6) 1(4) 1(5) 1(5)
Montreal B at baseline, n (%) 0.96 0.97
Bl 8 (18) 3(17) 5 (19) 4(18) 4(18)
Bl + B2 1) 1(6) 0(0) 1(5) 0 (0)
Blp 2 (5) 1(6) 1(4) 1(5) 1(5)
B2 10 (23) 4(22) 6 (23) 5(23) 5(23)
B2 + B3 6 (14) 2(11) 4(15) 2(9) 4(18)
B2 + B3p 11 (25) 4(22) 7(27) 6(27) 5(23)
B2p 3(7) 1(6) 2(8) 1(5) 2(9)
B3p 3(7) 2 (11) 1(4) 2(9) 1(5)
Previous intestinal surgery, n (%) 0.36 1.00
No 20 (45) 10 (56) 10 (38) 10 (45) 10 (45)
Yes 24 (55) 8 (44) 16 (62) 12 (55) 12 (55)
Previous perianal surgery, n (%) 1.00 1.00
No 26 (59) 11 (61) 15 (58) 13 (59) 13 (59)
Yes 18 (41) 7 (39) 11 (42) 9 (41) 9 (41)
. . 5.20 4.80 5.60 4.90 5.60
PhA at baseline, median (IQR) (4.20, 6.60) (3.80, 6.60) 475, 6.57) 0.39 (4.00, 6.50) (4.78, 6.60) 042
. . 25.6 25.2 259 25.2 26.3
BCM at bascline, median (IQR) (20.9, 29.4) (22.2, 36) (20.8, 28.5) 0.75 (20.9,29.3) (20.3,29.2) 0.94
. . 35.2 37.1 347 35.2 35.0
TBW at baseline, median (IQR) (32, 42.9) (32.1,42.9) (30.8, 42.7) 0.81 (32.1,42.1) (31.1,437) 0.92
. . 22.7 22.6 22.8 229 22.6
BMT at baseline, median (IQR) (19.6, 24.5) (19.6, 24.6) (20.8,24.3) 081 (19.6, 24.6) (19.9,24.3) 0.98
. . 210 330 152 292 96
FC at baseline, median (IQR) (62, 586) (210, 825) (50, 366) 0.06 (183, 634) (44, 502) 0.10

* Fisher’s exact test for the categorical variables and Mann—-Whitney’s test for the continuous variables. Number
of missing data: PhA at baseline n = 1, BCM at baseline n = 1; BCM at week 48 n; TBW at baseline n = 1; BMI at
baseline n = 1; FC at baseline n = 1. Abbreviations: PhA: phase angle; BCM: body cell mass; TBW: total body
water; BMI: body mass index; FC: fecal calprotectin.

Figure 2 shows the box-plots of the changes of BIA variables and FC at 48 weeks with
respect to the baseline by outcome.

The analyses of the trends of anthropometric parameters and biomarkers by time and
outcome are reported in Table 2.

PhA increased over time in those responding to the treatment, but not in those not
responding (test for the interaction between time and outcome, p-value of 0.009 and 0.007
for clinical remission and mucosal healing, respectively). The same differential increase
was observed for BCM (test for the interaction between time and outcome, p-value of 0.03
and 0.05 for clinical remission and mucosal healing, respectively). TBW and BMI increased
homogenously over time regardless of the outcomes (tests for the association with time,
p-values of 0.01).

As concerns FC, responders’ levels were lower (test for the association with the
outcome, p-value of 0.03 and 0.05 for clinical remission and mucosal healing, respectively)
and decreased over time, whereas, in non-responders, the results were higher and stable
over time (test for the interaction between time and outcome, p-value of 0.02 and <0.001 for
clinical remission and mucosal healing, respectively).
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Figure 2. Box-plots of the changes in phase angle (PhA), body cell mass (BCM), total body water
(TBW), body mass index (BMI), and fecal calprotectin (FC) at 48 weeks with respect to baseline by
response to treatment.

Table 2. Trend of BIA parameters and fecal calprotectin by time and outcomes.

Clinical Remission

No Yes Time CR Time x CR
Baseline w48 Baseline w48 p-Value p-Value p-Value
I()g? 5.36 5.86 5.72 8.15 0.37 0.58 0.009
BCM (Kg) 28.1 30.0 26.1 35.5 0.48 0.54 0.03
Tg;/\] 374 40.3 37.6 40.5 0.01 0.95 -
BMI
23.5 243 22.8 23.6 0.01 0.64 -
(kg/m?)
w24 w48 Baseline w24 w48 p-value p-value p-value
FC
318 316 133 83 52 0.96 0.02
(mg/Kg)
Mucosal healing
No Yes Time MH Time X MH
Baseline w48 Baseline w48 p-value p-value p-value
1:?;;‘ 5.32 6.06 5.82 8.45 0.13 0.43 0.007
BCM (Kg) 27.1 30.3 26.8 36.4 0.17 0.92 0.05
Tg;N 36.8 39.7 382 41.1 0.01 0.58 -
BMI
232 24.0 23.1 239 0.01 0.95 -
(kg/m?)
w24 w48 Baseline w24 w48 p-value p-value p-value
Fe 293 307 128 70 39 0.72 0.05 <0.001
(mg/Kg)

Predicted values from the mixed effect model including linear time, clinical remission, their interactions as
predictors, and patients fitted at random levels. Where the interaction term significance was above 0.05, the
mixed model included only time and clinical remission as predictors and patients at random levels. CR: clinical
remission; Time x CR: significance of the interaction term between clinical remission and time; MH: mucosal
healing; Time x MH: significance of the interaction term between mucosal healing and time; PhA: phase angle;

BCM: body cell mass; TBW: total body water; BMI: body mass index; FC: fecal calprotectin.
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4. Discussion

The present study was designed to evaluate the possible effect of UST therapy on
body composition in patients with CD. Our results highlighted that patients responding
to UST treatment, both in terms of clinical remission and mucosal healing, increase their
values of PhA and BCM, assessed by BIA, in only one year of treatment. To the best of our
knowledge, this is the first report of this important finding.

Malnutrition is one of the most common complications of IBD, since up to 80% of
patients can develop it throughout their lives. Significantly, a greater degree of malnutrition
can be seen in patients with CD compared to UC, mainly due to small intestine involvement,
which can induce malabsorption [22]. Nevertheless, several other different factors could
account for the development of malnutrition in CD, including the reduced oral food intake,
bacterial overgrowth [23], the use of corticosteroids [24], and surgical resections [4]. The
disease extension and its duration are important factors in determining the severity of
malnutrition, but a key role is played by the inflammatory systemic response mediated by
pro-inflammatory cytokines, such as tumor necrosis factor (TNF) and interleukins-1 and
-6, which can increase catabolism and lead to anorexia [25]. The presence of malnutrition,
especially in case of sarcopenia, is clearly associated with worse outcomes of IBD. In partic-
ular, some data showed an increased risk of surgery [26] and surgical comorbidities [27], as
well as a higher rate of failure anti-TNF therapies [28].

According to the ESPEN definition of malnutrition as “a state resulting from the
lack of intake or uptake of nutrition that leads to altered body composition and body cell
mass leading to diminished physical and mental function and impaired clinical outcome
from disease” [29], a reliable assessment of body composition is crucial. BIA is able to
estimate the body composition of patients regardless of BMI [30], and, for this reason, it
has been compared to the radiologic assessment of lean muscle mass in the detection of
sarcopenia, obtaining similar results [31]. Moreover, this technique is a more comprehensive
evaluation of nutritional status, and it is widely used in several chronic diseases leading
to metabolic derangements [7]. With regard to IBD, the nutritional markers evaluated by
using BIA have been correlated with serum nutritional markers and inversely correlated
with disease activity, both in adults [32] and in children [12]. BIA is able to estimate the
body composition through the administration of low-intensity electric current, which flows
through the body at different rates in relation to its composition [33]. The living cells store
the electric charge flowing in the current and causes a delay in the flow, like a tiny capacitor.
This capacitive resistance, or reactance, depends on the composition and integrity of the
BCM, defined as the metabolically active part of the body [21]. Conversely, the body fat
or the dead cells resist the flow of electric current. PhA is the more reliable BIA-derived
parameter in defining nutritional status, and it is considered as a strong predictor of survival
in several diseases [8-11], and, concerning IBD, it has been associated with nutritional
deficiencies [12,13]. Recently, a study by Peng et al. [34] showed that PhA is strongly
associated with malnutrition, with high reliability, independently from hematic parameters,
such as serum albumin, in patients with CD.

Despite the high rates of malnutrition in CD, few studies evaluated this outcome
during biological therapy. Subramaniam et al. [35] showed that infliximab therapy in-
creased lean muscle mass, evaluated by magnetic resonance imaging, in a small cohort
of patients with CD after 25 weeks of treatment. Subsequently, a comparative study by
Emerenziani et al. [33] showed that patients with CD significantly increased their PhA
after the induction of infliximab therapy. Notably, this study even highlighted that patients
in maintenance treatment with infliximab had significantly higher levels of PhA in com-
parison with those on conventional therapy, but the latter group displayed lower rates of
disease remission [36]. This could be intended as a confirmation of the high importance
of inflammatory status in the pathogenesis of sarcopenia. In our cohort, patients with CD
responding to UST therapy significantly increased their PhA, highlighting that this drug
could improve their nutritional status. The same differential increase was observed even
for BCM, although it reached statistical significance only when evaluating responders in
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terms of clinical remission. Our results are in line with those from Galluzzo et al. [16],
which showed that UST therapy increased PhA as well as BCM in patients with psoriasis.
This is particularly important in this disease, since its activity is correlated strictly and
directly to the percentage of fat mass [37,38]. However, the impact of malnutrition in terms
of long-term disease outcomes is significantly more important in CD than in psoriasis.

The present study also showed that FC levels at week 24 were significantly lower in pa-
tients achieving clinical and endoscopic remission at week 48. This is in line with the results
of a post-hoc analysis of UNITI/IM-UNITI studies, where week 6 FC levels <250 mg/kg
were associated with endoscopic remission at week 52 [39]. We previously demonstrated
the reliability of FC after the induction of biological therapies with infliximab, adalimumab,
golimumab, and vedolizumab [40], but, to the best of our knowledge, this is the first evi-
dence of the predictive value of FC in patients with CD treated with UST in a real-life setting.
This is a relevant point, since real life patients are often more complex than those included
in clinical trials, but the everyday clinical practice should be based on real-life data [41].
Baseline FC median levels were particularly low in both responders and non-responders,
probably due to the inclusion of several patients with ileal involvement. Indeed, FC is
frequently lower in patients with ileal CD in comparison with patients with ulcerative
colitis [42,43]. It is worth noting that baseline FC levels were similar both in patients who
achieved mucosal healing at week 48 and in non-responders, and this should be inter-
preted as a signal of homogeneity of the cohort, thus avoiding selection bias. Obviously, at
week 48, the responders displayed FC levels significantly lower than non-responders.

The major point of strength of the present study is that this is the first investigation
providing evidence of the efficacy of UST in CD in terms of improvement of nutritional
status. We are now in an era with a rapidly expanding therapeutic armamentarium for pa-
tients with CD; thus, the choice of the right drug should take into consideration nutritional
outcomes in addition to clinical and endoscopic ones. Moreover, the prospective design
and the evaluation of the therapeutic endpoint in terms of mucosal healing undoubtedly
increased the significance of our results. Indeed, according to current guidelines, the thera-
peutic target in CD should always be assessed by endoscopy. Finally, our results confirmed
the reliability of FC in predicting therapeutic efficacy.

The present study also has some limitations. Above all, the limited sample size could
not allow us to obtain definitive conclusions, although the statistical significance was
reliably achieved. Moreover, the assessment of lean muscle mass by magnetic resonance
imaging would improve the significance of the study; however, it is worth noting that BIA
is widely considered comparable to radiologic tests in defining the presence of sarcope-
nia [28]. Lastly, the presence of a control group of patients treated with another biological
therapy could allow for a better understanding of the real impact of UST in improving the
body composition.

5. Conclusions

In conclusion, in the present study, we have provided evidence that UST therapy is
able to improve the nutritional status in patients with CD. In the future, larger studies
could confirm these findings in order to better understand the role of this treatment and its
role in modifying body composition.
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