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Background & aims: Malnutrition is variably encountered in adult patients with Crohn’s disease. We
evaluated the nutritional status at the beginning and during Infliximab treatment in patients with
Crohn’s disease.

Methods: Patients with moderate/severe flares of disease treated with Infliximab for induction and

Keywords: maintenance of remission were included in a prospective observational study. Body Mass Index and
}rr;\ill;xnmab Nutritional Risk Index were calculated in each patient at 0, 6 weeks and than every 8 weeks for one year.
o

Results: From 30 patients treated with Infliximab 59.3% had low BMI, 35.7% being undernourished. 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 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.

Conclusions: In patients with moderate/severe forms of Crohn’s disease malnutrition is frequently
encountered. Induction and maintenance treatment with Infliximab determines weight gain and corrects
malnutrition in all patients with clinical remission.
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1. Introduction

Crohn’s disease (CD) is characterized by segmental inflamma-
tion of the gastrointestinal tract, most frequently involving the
distal small bowel and the colon, and has a fluctuating course,
periods of disease activity alternating with periods of remission.
Altered nutritional status has been reported in the majority of CD
patients, as a result of various mechanisms, depending on the
activity of disease. The increased resting energy expenditure is not
a major contributor, since it can vary but in general is similar to that
in healthy subjects, an intake of 25—30 kcal/kg/day being consid-
ered adequate.? In remission state the energy and macronutrient
needs are usually met, undernutrition being rarely encountered,
while in contrast, up to one third of CD patients are reported to
be overweight. During remission the most frequent nutritional
abnormalities are micronutrient deficiencies, principally resulting
from inadequate food intake secondary to dietary restrictions

Abbreviations: CD, Crohn’s disease; TNF, tumor necrosis factor; TB, tuberculosis;
CRP, C reactive protein; ESR, erythrocyte sedimentation rate; CDAI, Crohn’s disease
activity index; BMI, body mass index; NRI, nutritional risk score.
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(reduced milk, fruits, vegetables), sometimes imposed by the
physician and sometimes by the patients themselves, driven by the
fear of relapse symptoms.>*

During periods of disease activity, patients usually present with
diarrhea, increased intestinal loss and malabsorption. Also food
intake is inversely associated with disease’s activity and can be
significantly reduced due to pain or bowel movement related with
meals and also due to nausea, vomiting or loss of appetite. As
a consequence, weight loss can be significant, with impact on body
mass index, and undernutrition is frequently observed in active CD.
Up to 80% of patients with severe flares of disease, especially those
hospitalized, are malnourished. The magnitude of malnutrition
depends on different factors: extension and location of disease
(ileal versus colonic), previous surgery, but the main cause for
impaired nutritional status is considered to be the severity of
systemic inflammatory response associated with disease flares.’

In the last years new, more powerful, agents have been intro-
duced in the therapeutic armamentarium of inflammatory bowel
diseases, which by blocking the effects of cytokines that are
essential in the inflammatory cascade can control the inflammatory
process. Infliximab is a monoclonal chimeric antibody directed
against tumor necrosis factor (TNF) o and has been proven efficient
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in inducing and maintaining remission in patients with Crohn’s
disease.>” As a result of Infliximab treatment, inflammation is
down regulated and improvement of disease symptoms and heal-
ing of intestinal mucosa are observed in a large percentage of
patients.® These actions are expected to have also an effect on the
nutritional status of CD patients, by controlling inflammation an
improvement of body weight could be obtained in these cases.

Our study aimed to evaluate the changes in nutritional status in
patients with CD hospitalized with moderate to severe flares of
disease with no or inadequate response to parenteral cortico-
therapy and which received Infliximab in order to control the acute
symptoms and to induce and maintain remission of the inflam-
matory bowel disease.

2. Methods
2.1. Subjects

Patients included in the study were patients with Crohn’s
disease with moderate or severe flares of activity, with no or
inadequate clinical response to maximal conventional therapy
(defined below) admitted at the Gastroenterology Clinic, Fundeni
Centre of Digestive Diseases and Liver Transplantation, Bucharest.
All patients were treated with Infliximab with the aim to control
intestinal disease flare.

The diagnosis of Crohn’s disease was made by combining stan-
dard biological, endoscopic, histological and radiological criteria.
Patients with newly diagnosed as well as with known Crohn’s
disease were included. In all patients colonoscopy with biopsies
and barium follow up for small intestine were available in order to
establish the location (small bowel and/or colon) and extension of
disease. Patients with fistulizing Crohn'’s disease were not included
in our study. For each patient the following data were noted:
demographic data (age, gender, urban or rural residence), smoking
status, duration of Crohn’s disease, age at diagnosis, number and
severity of previous disease flares, concomitant medication for
bowel disease, and previous surgery for Crohn’s disease. Also the
presence of extra intestinal manifestations was noted. Duration and
severity of current flare of disease was recorded. For the evaluation
of disease’s severity, the Crohn’s disease activity index — CDAI —
was used.’ CDAI is a well known index which comprises eight
variables: the number of stools, the presence and severity of
abdominal pain, the general well being of the patient, the presence
of extra intestinal manifestations of disease, the presence of
abdominal masses, the use of antidiarrheal drugs and also the
presence of anemia and of weight loss. CDAI is a composite score
potentially ranging between 0 and 600. In our study patients with
CDAI 220—450 were classified as having moderate disease, while
patients with CDAI over 450 were considered having severe
disease.

All patients received intravenous corticosteroid therapy (metil
prednisolone 80 mg daily) with no benefit, or no significant
improvement in symptoms after a course of 5—7 days before
treatment with Infliximab for induction of remission was consid-
ered. In our study treatment with Infliximab was reserved for the
corticosteroid resistant patients. Patients did not receive Infliximab
treatment if they had symptomatic bowel stenosis, abscesses or any
sign of sepsis, cardiac failure, history of lymphoma or multiple
sclerosis or any severe associated disease. All patients were
screened for tuberculosis by PPD testing and thoracic X ray and also
with serum Quantiferon TB Gold test at the beginning of the
treatment and also during maintenance Infliximab treatment at 6
months intervals. All tests should have been negative for TB in
order to start Infliximab therapy. Before Infliximab treatment the
following laboratory studies were done in all patients: hemogram,

biochemistry with liver and kidney function test, including
albumin, CRP, ESR. Antibodies against hepatitis C virus, HIV, HBs
antigen, antinuclear antibodies were done and patients with posi-
tive results were excluded. At each patient visit blood tests were
performed: hemogram, biochemical panel including liver function
tests, albumin, CRP, ESR.

2.2. Infliximab administration protocol

For induction of remission Infliximab was given as a series of
three infusions of 5 mg per kilogram of body weight at weeks 0, 2
and 6. Infliximab (Remicade®, Schering Plough) was administered
as a 2 hi.v. infusion in 250 ml of isotonic saline. In patients with
response to the induction therapy (defined below) maintenance
treatment with Infliximab was started. For maintenance therapy
one infusion of 5 mg/kg of body weight was administered at 8
weeks interval. Before Infliximab infusion all patients received an
antihistaminic (Loratadine 10 mg 30 min before the start of
Infliximab infusion).

2.3. Efficacy evaluation

Six weeks after the first Infliximab infusion the patients were
evaluated. Clinical response was defined as a reduction in CDAI of at
least 70 points and clinical remission as a value of CDAI of less than
150. The patient was considered nonresponsive if there was no
improvement or only a partial improvement in symptoms with
areduction of CDAI of less than 70 points. Also the need for surgical
intervention was considered as no response. Only patients with
clinical response or remission after induction therapy were
received maintenance treatment with Infliximab. During mainte-
nance at each patient’s visit CDAI score was calculated and the
presence of remission (CDAI of less than 150) or active disease
(CDAI above 150) was noted.

Colonoscopy with ileoscopy was performed during mainte-
nance treatment every 24 weeks. Endoscopic remission was
defined as absence of ulcerations.

2.4. Nutritional evaluation

At inclusion in the study (at the first Infliximab infusion) and at
each patient visit (at week 6 after the first Infliximab dose and than at
every 8 weeks interval during maintenance), BMI (body mass index)
was calculated based on the height and weight measurements in each
patient (BMI = weight in kilograms/height in m?). Normal range was
considered 20—25 kg/m?, obesity > 30 kg/m?, borderline under-
weight 18.5—20 kg/m?, undernutrition <18.5 kg/m?.

At inclusion and at 24 weeks and 48 weeks visits during
maintenance treatment with Infliximab, NRI was calculated.
NRI (Nutritional Risk Index) was calculated as follows:
NRI = 1.519 x serum albumin (g/L) + 41.7 x (current/usual body
weight).!? Patients with an NRI > 97.5 were considered not at risk,
patients with NRI between 83.5 and 97.5 were considered moder-
ately at risk and those patients with NRI < 83.5 were considered
having severe risk by NRIL.

2.5. Statistical analysis

Statistical analysis was carried out using the software SPSS for
Windows. Data were expressed as mean + standard deviation
and as number or percentage of subjects. Comparisons were
conducted using Student’s t-test and x? test, with statistical
significance set for p < 0.05. Differences in mean values were
tested by one-way analysis of variance (ANOVA) and the Krus-
kal—Wallis test.
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2.6. Ethics

The study design and procedures were approved by our insti-
tution ethics committee.

3. Results

30 patients were included in the study. Their characteristics are
showed in Table 1.

At the beginning of the study the presence of malnutrition
defined by a low BMI was observed in 59.3% of patients, 35.7% of
them being undernourished. The presence of undernutrition was
not significantly associated with severe flares of disease according
to CDAI score. Although the majority of patients with severe disease
had low BMI (87.5%) and a great proportion (62.5%) were under-
nourished, the frequency of malnutrition was high also in the
subgroup of patients with moderate disease (47.4% had low BMI
and 26.3% were undernourished).

The presence of severe nutritional risk defined by the NRI was
observed in 43.3% of patients. The NRI at week 0 had a mean value
of 88.58 + 7.0 and did not differ significantly according to disease
location (87.88 + 7.1 in patients with exclusive colonic involvement
compared with 89.61 + 7.06 in patients with ileocolonic or small
bowel CD, p = 0.53). At week 0 a significant association was
observed between the CDAI score and severe nutritional risk by NRI
(Table 2). Weight being a variable in the NRI score, in patients with
severe malnutrition (defined by BMI < 18.5) the values of NRI were
significantly lower compared with the rest of the patients (Table 4).

The presence of malnutrition at the time of the first Infliximab
administration was not related with the duration of disease, loca-
tion of disease, clinical form (inflammatory or stricturing),
and previous treatments. Malnutrition was significantly more
frequently encountered in patients in witch CD was diagnosed
during childhood, before 18 years of age (Table 3).

From the patients treated with Infliximab, 27 (90%) presented
a clinical response at week 6 to the biological therapy. All of the
responders achieved clinical remission after a mean interval of
20.74 + 6.75 months, median 22 weeks, and remained in clinical
remission during the observation period. The three patients that
did not respond were referred for surgical treatment: in two of
them a partial colectomy was performed and in the other case
a total colectomy was necessary.

All patients that responded at 6 week were observed during one
year and in all cases a progressive increase in weight was noted,
independent of the BMI value at week 0. All patients gained weight,

Table 1
CD patients’ characteristics.

Age: mean (min—max)
Sex Nr (%)

33.3 &+ 13.87 (18—60) years

17 (56.7%) males

13 (43.3%) females

Mean time since diagnosis of Crohn’s 5.03 (0—20) years
disease (min—max)

Disease location

lleum % (N) 3.3% (1)

Colon% (N) 63.3% (19)

lleum + Colon% (N) 33.3% (10)
Disease behavior

Inflammatory % (N) 60% (24)

Stricturing % (N) 40% (6)
Therapies

Previous corticotherapy % (N) 76.7% (23)

Previous Infliximab % (N) 23.3% (7)

Current Azathioprine % (N) 56.7% (17)

Previous surgery % (N) 43.3% (13)
Smoking (previous or actual) % (N) 3.3% (1)
Extra intestinal manifestations % (N) 20% (6)

Table 2
Frequency of malnutrition in moderate and severe flares of Crohn’s disease.

Severe flares Moderate flares

BMI < 18.5 5 patients 6 patients

BMI > 18.5 4 patients 15 patients
p=0.16

NRI < 83.5 8 patients 5 patient

NRI > 83.5 1 patient 16 patients
p = 0.001

those with normal BMI as well as those with different grades of
undernutrition (Table 4), but the mean weight gain was signifi-
cantly more elevated in the undernutrition group as compared with
those patients with normal or only slightly decreased BMI
(borderline underweight), (p = 0.001) at 30 weeks and as well at
54 weeks (p = 0.002).

The time needed to reach a normal body weight was, as
expected, longer in patients with lower values of BMI: 33.4 + 13.26
weeks in patients with BMI < 18.5 and 18.57 + 7.8 weeks in patients
with BMI > 18.5 (p = 0.01).

The rapidity of the response to Infliximab therapy influenced
the weight gain: the earlier the clinical remission was obtained, the
earlier the weight gain begun and the greater the weight gain at
follow up visits, especially in patients who were severely
malnourished at the beginning of the treatment. At week 30 weight
gain was significantly higher in patients who reached clinical
remission earlier (at 14 weeks after the first administration of
Infliximab) compared with those who did not (p = 0.001) (Fig. 1).

The disappearance of symptoms, respectively the clinical
remission was the determinant factor for the improvement in
nutritional status for our patients.

There was no influence of the presence or absence of endoscopic
remission on the weight gain in our study group (Table 5): the
patients with or without endoscopic remission but who were in
clinical remission had similar behavior from the nutritional point of
view, with consistent weight gain.

As a result of weight gain, after 6 months of maintenance
therapy (week 30), only 11.1% of patients were still malnourished,
while the great majority (88.9%) had a normal BMI. After one year of
therapy only one patient (3.7%) had still a low BMI, but being only
borderline underweight.

NRI at week 30 was >97.5 (patients were not at risk) in 74.1% of
cases and only slightly decreased (moderate risk) in the rest of the
patients. Mean NRI at week 30 was 99.62 4+ 2.54. No cases of
persistent nutritional risk were observed at week 52 (mean NRI at
week 52 was 100.12 + 2.24). No significant differences in NRI were
observed during Infliximab treatment at week 30 and week 52
between patients with or without malnutrition at week 0.

The weight gain had economic implications since in 8/27
patients (29.6%) in order to maintain the dose of Infliximab per kg
body weight, an increased number of vials had to be administered.

When asked about food habits, patients reported increased
appetite, increased tolerance to food, increased quantity of food
ingested, so the gain in weight in our group of patients appears to

Table 3

Risk factors for malnutrition in patients with active Crohn’s disease.
Location of disease (colonic or ileocolonic) p=0.16
Behavior of disease (stricturing or inflammatory) p =025
Age at diagnosis (less than 18 years) p = 0.003
Extra intestinal manifestations p=0.11
Previous surgery p=0.13
Previous Infliximab p =0.62
Previous Azathioprine p=0.12

Previous corticosteroids p=034
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Table 4

89

Changes in weight, BMI and NRI for the patients with response to Infliximab therapy in the groups with and without severe malnutrition at week 0.

Week 0 BMI

Mean BMI at week 0

Mean BMI at week 30

Mean weight gain at week 30

Mean BMI at week 54
Mean weight gain at week 54

<185
17.31 £ 1.22 (14.9-18.4)
21.01 + 1.69 (18.7—24.4)
8.5 + 3.2 (4-13)

p = 0.001

21.46 + 1.61 (19.3—25.2)
11.2 + 3.58 (7-17)

>185
21.03 + 2.1 (19.6-27.2)
23.24 + 2.27 (20.7-28.3)
429 + 1.35(2—6)

23.51 £ 2.22 (20.7-28.3)
6.58 + 2.32 (4-12)

p = 0.002

Mean NRI at week 0 84.97 & 5.03 (78.8—96) 93.84 + 6.18 (85.5-99.8)
p = 0.001

Mean NRI at week 30 99.1 + 3.47 (93—-104) 99.94 + 1.85 (96—103)
p=NS

Mean NRI at week 54
p=NS

99.8 -+ 2.65 (97.6—105)

10042 + 2.18 (99—-105.6)

be the result of the increased intake of normal food, since none of
our patients received enteral nutrition supplements (sip feeding or
enteral nutrition).

4. Discussion

The altered nutritional status of patients with inflammatory
bowel diseases was previously recognized and extensively studied
in pediatric patients, in this group the impact of malnutrition being
most important due to its effect on linear growth and pubertal
development."1? For adult patients with IBD there are fewer data
regarding the prevalence of nutritional impairment and also the
influence of therapy on nutritional parameters, especially for the
newest therapeutic modalities, such as biologic agents.

Our study evaluated the prevalence of malnutrition and the
influence of Infliximab therapy in a group of patients with
moderate/severe flares of Crohn'’s disease.

Malnutrition (BMI under 20) was observed in 59.3% of patients,
being severe (BMI < 18.5) in 35.7% of patients. The frequency of
malnutrition in our group is high compared with the prevalence of
malnutrition generally reported in hospitalized patients with
Crohn’s disease,”> but depending on the method of evaluation,
values up to 80% can be expected in patients with active disease.

The severity of Crohn’s disease flares appreciated by CDAI score
did not correlate with the presence or the increased severity of
malnutrition, there was no significant difference in the nutrition
status between patients with moderate and severe flare of disease.
We must acknowledge that even if CDAI score classified our
patients as having moderate or severe disease, all of them had
a high inflammatory activity revealed by the lack of response to the

Weight gain at week 30

Weight gain (kg)
[e2)

6 N B
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Patients

[ = Week 0 malnourished = Week 0 nonmalnourished |

Fig. 1. Weight gain at week 30 in patients with and without malnutrition at week 0.

treatment with parenteral corticosteroids. Also, all our patients
reported weight loss at inclusion, and even if its magnitude did not
always determine a drop in BMI sufficient to classify the patient as
malnourished/undernourished, in some cases the weight loss was
significant. The lack of correlation between CDAI and severity of
malnutrition can also be explained by the high frequency of
malnutrition in the subgroup of patients with moderate disease.
The evaluation of patients by NRI (Nutritional Risk Index), which
takes into consideration the current weight compared with usual
body weight and also the albumin levels, revealed a significant
association between severe risk as appreciated by NRI and severe
disease as appreciated by CDALI A high rate of complications during
hospital stay and after surgical interventions was reported and is to
be expected in NRI defined severely at risk patients."*!> Patients
with severe flares of Crohn’s disease are consequently at high risk of
being severely malnourished and need special nutritional evalua-
tion, not only by BML In these patients, with the aim of improving
prognosis, prompt nutritional intervention is mandatory since if
the control of symptoms is not achieved by medical therapy surgery
is to be expected.

In our study, the presence of malnutrition at inclusion was not
influenced by disease location, behavior, and previous medical or
surgical therapies. We expected a higher frequency of severe
malnutrition in patients with concomitant small bowel involve-
ment as compared with strict colonic location of disease, assuming
that malabsorption resulting from the presence of small bowel
lesions will impact further on patient’s weight, but in our group of
patients disease location did not influence the nutritional status.
Previous reports showed a lower body mass index in patients with
small bowel involvement, but the patients that were evaluated
were in inactive state.'® Probably in our patients the most impor-
tant factor that induced weight loss and consequently malnutrition
was the activity of disease.

The only parameter significantly associated with the presence of
malnutrition at inclusion was the age at diagnosis: patients diag-
nosed with Crohn’s disease in childhood were more frequently
malnourished as compared with patients with later onset of
disease. All our patients diagnosed with Crohn'’s disease at less than
18 years of age were still young when included in the present study,

Table 5
Weight gain in patients with and without endoscopic remission.
Yes No p

Endoscopic remission at week 30
Weight gain at week 30 6.25 + 3.01 5.53 &+ 3.04 0.54
Weight gain at week 52 8.75 + 3.86 7.93 + 345 0.52
Endoscopic remission at week 52
Weight gain at week 30 6.09 + 2.99 4.8 +3.11 0.24
Weight gain at week 52 8.68 + 3.77 6.6 + 2.19 0.31
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all of them being under 25 years old. The impact of disease on
nutritional status was in our group of patients’ age dependent,
although other studies did not show a difference in the prevalence
of malnutrition between adult and pediatric patients.'” In our
experience young patients, with early onset CD were the more
prone to develop malnutrition associated with a flare of disease.
The greater impact of disease activity on nutritional status in young
patients could be explained by the reduced lean body mass and fat
mass reported in these patients.!®1°

The great majority of our patients (90%) responded to the
induction treatment with Infliximab, obtaining a clinical response
at week 6, which was followed in all of them by clinical remission
after variable time periods (median 22 weeks). In responders
a progressive weight gain was observed, regardless of the presence
or absence of malnutrition at the beginning of treatment. Not only
malnourished patients had weight gain but also patients with
normal BMI at inclusion. The weight gained by malnourished
patients was significantly greater compared with the rest of the
patients. In one third of patients, as a result of weight gain an
increased quantity of Infliximab was needed, with impact on
treatment cost. After Infliximab treatment all patients achieved
a normal BM], the time needed for this being significantly longer in
severely malnourished patients, as expected since in this group the
amount of weight gained was greater.

The time patients needed to reach clinical remission influenced
the nutritional status: the earlier clinical remission was obtained,
the sooner the patient’s weight began to increase and during
maintenance treatment, at week 30, the weight gain was signifi-
cantly greater in early responders. From our clinical observations
resulted that weight gain was determined by increased appetite
and increased food intake, both related with improvement of
symptoms and of general well being associated with clinical
remission determined by Infliximab treatment. The clinical remis-
sion was the most important factor influencing the nutritional
status in our patients, while the presence or absence of endoscopic
remission did not change the weight gain.

Which is the mechanism by which Infliximab exerts its effect
on nutritional status is still a matter of debate. A double action
could be involved in patients with inflammatory bowel diseases:
an anti cytokine action and a clinical effect determined by the
control of disease’s activity. TNFa, previously known as cachectin-
o is a mediator of inflammation-induced cachexia®® and presum-
ably its blocking (at plasma and membrane receptor levels) by
Infliximab could enhance appetite and promote weight gain. In
the last years the role of leptin and adiponectin in regulating food
intake was demonstrated: increased leptin induces anorexia and
reflects adipose tissue mass.?! Infliximab influence on serum
leptin levels is contradictory: increased levels, decreased levels
and no changes were reported.?~2> Regardless of its mechanism
of action, the effect of Infliximab of promoting weight gain
was demonstrated in patients with psoriasis?®® and spondy-
loarthropathy, presumably as a result of increased fat mass.?’ In
the present study, Crohn’s disease patients with clinical remission
induced by Infliximab continued to present weight gain during
maintenance treatment. In our opinion, in IBD patients during
flares of disease weight gain associated with Infliximab treatment
is mainly determined by control of inflammation and subsequent
improvement in symptoms, while during periods of remission
a direct effect of Infliximab on fat mass and body weight control
mechanisms can contribute.

In conclusion, in patients with moderate to severe forms of
Crohn’s disease malnutrition is frequently encountered. Induction
and maintenance treatment with Infliximab determines weight
gain and corrects malnutrition in all patients with clinical
remission.
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