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Abstract
Background and Aim: While weight gain during infliximab therapy in inflammatory
bowel disease (IBD) is common, there has been limited research evaluating its impact
on infliximab efficacy.
Methods: Primary aims of this study were to determine the frequency of excess
weight gain (body mass index [BMI] > 25 kg/m2) in children with IBD on mainte-
nance infliximab and evaluate the impact on infliximab dosing, serum trough levels,
and treatment failure. Secondary aims were to determine differences in weight gain,
treatment characteristics, and clinical/biochemical variables between patients with
therapeutic and subtherapeutic maintenance therapy trough levels. We performed a
retrospective study of 253 pediatric IBD (75.1% Crohn’s disease, 23.3% ulcerative
colitis, 1.6% IBD-unclassified) patients on infliximab followed at BC Children’s Hos-
pital between January 2013 and January 2018.
Results: Median age at infliximab initiation was 13.9 years, median length of follow
up was 56.9 months, and 55.7% were males; 10.3% of the cohort demonstrated excess
weight gain (7.5% overweight, 2.8% obese). Average mg/kg dosing was not statisti-
cally different between groups (normal, overweight, and obese: 6.7, 6.4, and
6.7 mg/kg, respectively, P = 0.52). Median BMI of patients with therapeutic and sub-
therapeutic trough levels was similar at 19.9 kg/m2 (interquartile range [IQR],
17.3–23.8) and 19.7 kg/m2 (IQR, 17.4–21.9), respectively. BMI had no effect on sec-
ondary loss of response to infliximab, with no significant difference between normal
and high BMI subgroups (13.4 vs. 16.7%, P = 0.9).
Conclusions: In a subgroup of pediatric IBD patients on maintenance infliximab,
excess weight gain was not associated with higher weight-based dosing, lower serum
trough levels, or increased risk of treatment failure.
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Introduction
Infliximab and other antitumor necrosis factor (TNF) agents have
been used to induce and maintain remission in the pediatric
inflammatory bowel disease (IBD) population.1–4 Various factors
may contribute to infliximab response, including disease severity,
strictures, fistulas or abscess, serum albumin level, and body
mass index (BMI).3 Although it is clear that biologic therapy in
children with IBD is associated with weight gain, the impact of
elevated BMI on infliximab efficacy has been poorly studied.5,6

Similarly, for adult IBD, studies of obesity’s impact on response
to biologics have been sparse and conflicting.

In a retrospective cohort study of adult ulcerative colitis
(UC) patients on biologic therapy, each 1 kg/m2 increase in BMI
was associated with the risk of treatment failure (need for IBD-
related surgery, hospitalization, or treatment modifications
including dose escalation or addition of corticosteroid).7 Further-
more, in a retrospective cohort study of adult IBD subjects in
whom infliximab was initiated, increased BMI was associated
with an earlier time to loss of response (LOR).8 Conversely, a
retrospective cohort analysis on over 300 Crohn’s disease
(CD) patients found that every unit of BMI increase (up to obese
range) was associated with fewer flares and reduced LOR to
infliximab.9 Recently, the analyses of adult infliximab-treated
IBD patients from four clinical trials (ACCENT-I, SONIC, ACT-
1, and ACT-2) reported no association between obesity and
achieving remission or clinical response.10

The aims of this retrospective pediatric cohort study were
to characterize and determine the incidence of elevated BMI in
children with IBD on maintenance infliximab and evaluate the
impact of elevated BMI on infliximab dosing, serum trough
levels, and LOR. Secondary aims were to determine the differ-
ences in weight gain, treatment characteristics, and clinical/bio-
chemical variables between patients with therapeutic and
subtherapeutic maintenance therapy trough levels. We hypothe-
sized that increased BMI would be associated with lower mainte-
nance infliximab trough levels and subsequent attempts at dose
optimization, with increased risk of treatment failure.

Methods

Study design. We performed a retrospective study of pediat-
ric IBD patients between 2 and 17 years of age who were
followed at BC Children’s Hospital and were stable on mainte-
nance infliximab for a minimum of 6 months between January
2013 and January 2018 and who had a BMI recorded at
infliximab initiation and at last follow up. Exclusion criteria
included primary nonresponse, infliximab failure during the
induction phase, and commencement of alternative therapy
before maintenance with infliximab.

Patients were identified from the BC Children’s Hospital
GI Division IBD database. A single reviewer (Isaac Rodin)

abstracted data through medical record review. Two reviewers
(Kevan Jacobson, Justin Chan) validated the abstracted data. Data
on patient demographics, age at diagnosis, therapies, and BMI at
initiation of infliximab and at last follow up were extracted. Labo-
ratory investigations, infliximab dose, dosing interval, physician
global assessment (PGA), Pediatric Crohn’s Disease Activity
Index (PCDAI), and Pediatric Ulcerative Colitis Activity Index
(PUCAI) were recorded at each infliximab infusion visit, and
serum infliximab trough levels, where available, were recorded.

Weight was reported using three categories: normal BMI
(18.5–24.9 kg/m2), overweight (BMI 25–29.9 kg/m2), and obese
(BMI >30 kg/m2). Based on published literature, a trough
level ≥ 5 μg/mL during maintenance was considered therapeu-
tic.11 Secondary LOR was defined as losing response to
infliximab (recurrence of moderate-to-severe disease based on
PGA or a PCDAI or PUCAI >30), experiencing an infusion reac-
tion, and requiring a drug change. Weight-based dosing refers to
the practice of administering appropriate doses of infliximab
based on the actual weight of the patient. Dose optimization was
defined as an increase in weight-based dose or drug interval
shortening to maintain clinical remission.

Statistical analysis. Continuous variables were reported as
either medians with interquartile range (IQR) or mean � SD or
standard error depending on the data approximation to normal
distribution, and discrete variables were reported as counts and
proportions. Differences in infliximab treatment failure and mid-
maintenance infliximab trough levels between high BMI and low
BMI subgroups, and the relationship between BMI and dose
optimization, were analyzed using a chi-squared test. Differences
in treatment characteristics and clinical/biochemical variables
between patients with sub- and therapeutic trough level record-
ings during maintenance infliximab therapy were analyzed using
both chi-squared tests and two-sample t tests. Logistic multivari-
ate regression analysis was used to determine the effect of con-
comitant therapy (immunomodulator [IM], antibiotics, and
steroids) on end BMI and infliximab failure. Microsoft Excel ver-
sion 16.0 and R Software (R Foundation for Statistical Comput-
ing, V 3.5.3, Vienna, Austria) were used for analyses, and
P < 0.05 was considered statistically significant.

Ethical considerations. Ethical approval was obtained
from the University of British Columbia Clinical Research Ethics
Board and the British Columbia Children’s and Women’s
Research Review Committee.

Results

Demographics. A total of 253 pediatric IBD patients on
infliximab between January 2013 and January 2018 were identi-
fied and included (cohort details summarized in Table 1a).
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The cohort included 75.1% CD, 23.3% UC, and 1.6%
IBD-unclassified patients and 141 (55.7%) males. In accordance
with the Paris Classification of CD patients, 7.4% were classified

with L1, 32.1% L2, and 61.5% L3 disease with L4a, L4b, and
L4aL4b involvement in 48.9, 15.8, and 14.7%, respectively.
With respect to disease behavior, 66.8% were classified with B1,

Table 1 (a) Patient and treatment characteristics stratified by BMI at last follow up. (b) Patient and treatment characteristics of patients who moved
from normal to elevated BMI

(a)

Total cohort
(n = 253)

Normal BMI
(18.5–24.9 kg/m2)

(n = 217)

Overweight
(25–29.9 kg/m2)

(n = 23)
Obese (>30 kg/m2)

(n = 13)

Patient characteristics
IBD subtype, n (%)
Crohn’s disease 190 (75.1) 166 (76.5) 14 (60.9) 10 (76.9)
Ulcerative colitis 59 (23.3) 48 (22.1) 8 (34.8) 3 (23.1)
IBD-unclassified 4 (1.6) 3 (1.4) 1 (4.3) 0 (0)
Gender (males: females) 1.26 1.26 0.77 3.33
Disease duration, months, (median, IQR) 10.7 (IQR 2.1–30.9) 10.1 (2.1–29.4) 12.9 (1.8–40.4) 12.3 (0.2–28.8)
Age at IFX initiation, years (median, IQR) 13.8 (11.4–15.8) 13.7 (11.4–15.5) 15.2 (14.2–16.6) 14.0 (13.3–16.8)
Age at last IFX infusion, years (median, IQR) 16.7 (14.1–17.8) 16.4 (14.0–17.8) 17.6 (16.9–18.0) 17.2 (16.0–17.7)
BMI at IFX initiation (kg/m2) (median, IQR) 17.3 (15.2–20.3) 14.7 (13.8–15.6) 22.6 (20.1–24.4) 25.0 (20.3–26.9)
BMI at last IFX infusion (kg/m2) (median, IQR) 20.4 (17.9–23.1) 19.6 (17.5–21.6) 26.5 (25.9–27.4) 32.6 (31.3–33.0)

Treatment characteristics
Length of time treated with IFX, months (median, IQR) 26.9 (12.9–41.7) 23.6 (12.9–42.4) 19.6 (13.6–37.7) 13.2 (10.9–44.4)
Average mean dose (mg, SE) 389.9 (9.9) 358.1 (8.7) 493.9 (29.7) 680.6 (53.1)*
Average dose (mg/kg, SE) 6.7 (0.13) 6.7 (0.20) 6.4 (1.8) 6.7 (2.4)
Average number of infusions per year (SE) 7.5 (0.28) 8.0 (0.32) 7.1 (0.35) 8.0 (0.83)

Infliximab LOR, n (%) 35 (13.8) 29 (13.4) 5 (21.7) 1 (7.7)
Infusion reaction, n (%) 10 (4.0) 8 (3.7) 2 (8.7) 0 (0)
Secondary LOR, n (%) 25 (9.8) 21 (9.7) 3 (8.7) 1 (7.7)

(b)

Normal to elevated BMI (18–25 to
>25 kg/m2) (total n = 26)

Normal to overweight BMI (18–25 to
25–30 kg/m2) (n = 19)

Normal to obese BMI (18–25 to
>30 kg/m2) (n = 7)

Patient characteristics
IBD subtype, n (%)
Crohn’s disease 19 (73.1) 13 (68.4) 6 (66.7)
Ulcerative colitis 6 (23.1) 5 (26.3) 1 (14.3)
IBD-unclassified 1 (3.8) 1 (5.3) 0 (0)
Gender (males: females) 1.0 0.9 1.33
Age at IFX initiation,

years (median, IQR)
13.3 (10.8–15.0) 13.3 (11.1–15.0) 12.7 (8.9–13.4)

Age at last IFX dose,
years (median, IQR)

17.5 (15.8–17.9) 17.5 (15.6–17.9) 16.9 (15.3–17.6)

BMI at IFX initiation
(kg/m2) (median, IQR)

21.8 (19.4–24.7) 22.5 (19.9–23.6) 20.3 (18.3–24.9)

BMI at last IFX dose
(kg/m2) (median, IQR)

27.1 (26.1–31.1) 26.5 (25.7–27.1) 31.4 (31.1–41.0)

Treatment characteristics
Average mean dose (mg,

SE)
547.4 (36.6) 515.9 (42.6) 584.3 (57.8)

Average dose (mg/kg, SE) 7.9 (0.53) 8.1 (0.7) 7.7 (0.7)
Average number of

infusions per year (SE)
9.3 (1.68) 9.3 (2.3) 7.4 (0.7)

Infliximab LOR, n (%) 4 (15.4) 4 (21.1) 0 (0)
Infusion reaction, n (%) 1 (3.8) 1 (5.3) 0 (0)
Secondary LOR, n (%) 3 (11.5) 3 (15.8) 0 (0)

*P < 0.05 (relative to normal BMI).
BMI, body mass index; IBD, inflammatory bowel disease; IFX, infliximab; IQR, interquartile range; LOR, loss of response; SE, standard error.
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13.7% B2, 4.2% B3, 15.5% B2/B3, and 45.3% had perianal dis-
ease. In inflammatory bowel disease - unclassified (UC/IBDU)
patients, the frequency of E1, E2, E3, and E4 involvement was
0, 6.3, 27, and 66.7%, respectively, with 66.7% classified as dis-
ease severity S1. The median age at infliximab initiation was
13.8 years (IQR, 11.4–15.8), with no significant age difference
between BMI groups (Table 1a). No significant difference in dis-
ease duration between groups at infliximab initiation was
observed, with a median duration of disease of 10.7 months
(IQR 2.1–30.9) and median length of follow up (on infliximab)
of 26.9 months (IQR 12.9–41.7) (Table 1a).

Weight gain. At the last follow up, the median BMI of the
cohort was 20.4 kg/m2 (IQR 17.9–23.1) (Table 1a). In the over-
weight and obese groups, 17% (4/23) and 46% (6/13), respectively,
had BMIs above the normal range at infliximab initiation, while
10.3% (26) of patients were reclassified from a normal to elevated
BMI (7.5% in overweight and 2.8% in obese categories)
(Table 1b). Notably, patients whose BMI increased from normal to
elevated had a significantly higher BMI change than those whose
BMI remained in the normal range throughout the study (8.1 and
2.4 kg/m2, respectively, P < 0.001). In contrast, the average change
in BMI of patients with an elevated BMI before infliximab initia-
tion and at last follow up was similar to those with a normal BMI
throughout the study (2.8 vs 2.4 kg/m2, respectively).

Of the 218 (86%) children with response to infliximab,
188 (86.2%) had a normal BMI throughout the study, whereas
22 (10.1%) started with a normal BMI but had an elevated BMI at
last follow up, and 8 (3.7%) had an elevated BMI before infliximab
initiation and at last follow up (Table 2, Fig. 1). Similarly, in the
35 children who experienced secondary LOR and infliximab fail-
ure, 29 (82.9%) had a normal BMI throughout the study, while
4 (11.4%) with a normal BMI at infliximab start had an elevated
BMI at last follow up, and 2 (5.7%) had an elevated BMI before
infliximab initiation and at last follow up (Table 2, Fig. 1).

Concomitant therapy (IM, antibiotics, and/or corticoste-
roids) had no effect on BMI at the end of infliximab treatment

(Table S1, Supporting information). Weight gain was dependent
on disease subtype, with CD patients having a higher BMI
change than UC/IBD-U patients between infliximab initiation
and at last follow up (3.41 vs 1.48 kg/m2, P = 0.0015). However,
approximately the same proportion of patients with CD and
UC/IBD-U had a normal BMI before infliximab initiation and at
last follow up (87.4 vs 81.0%). Furthermore, the proportion of
patients whose BMI increased from normal to elevated and those
who had an elevated BMI throughout did not differ significantly
for CD and UC/IBD-U patients (10 vs 11.1% and 2.6 vs 7.9%
respectively). Notably, weight gain was not found to be depen-
dent on the Paris Classification of patients in the cohort.

Infliximab dosing. As expected, patients in the overweight
and obese categories had significantly higher average infliximab
dosage than patients in the normal BMI category (493.9 and
680.6 mg vs 358.1 mg, respectively, P < 0.001) (Table 1). How-
ever, the average mg per kg dose and infusion number per year
were not statistically different between groups (normal, over-
weight, and obese: 6.7, 6.4, and 6.7 mg/kg, respectively;
P = 0.52 and 8.0, 7.1 and 8.0, P = 0.52 respectively) (Table 1a).
When the cohort was further subdivided into those patients
whose BMI increased from the normal to elevated range, the
average mg per kg dose and infusion number per year were
numerically higher at 7.9 mg/kg and 9.3 infusion/year compared
to 6.7 mg/kg and 8.0 infusion/year for those with normal BMI
throughout, respectively, although this failed to reach statistical
significance (P = 0.82 and P = 0.91, Table 1b).

For responders, no significant difference in the frequency
of infliximab dose optimization was observed between groups
with 28.0, 13.6, and 12.5% of cases requiring dose optimization
in the normal, normal to elevated, and elevated to elevated BMI
groups, respectively (Table 2, P = 0.43). In addition, the mean
final infliximab dose was similar between groups (8.2 mg/kg in
the normal and 7.7 mg/kg and 7.8 mg/kg in the normal to

Table 2 Dose optimization of responders versus those who lost
response stratified by BMI change

BMI normal
throughout

(18–25 kg/m2)

BMI normal
to elevated
(18–25 to
>25 kg/m2)

BMI
elevated

throughout
(>25 kg/m2)

Response
Patient, n (% total cohort) 188 (74.3) 22 (8.7) 8 (3.2)
Dose optimization

n, (% of total cohort) 52 (20.6) 3 (1.2) 1 (0.4)
Average final dose

(mg/kg, SE)
8.2 (0.20) 7.7 (0.53) 7.8 (0.71)

Loss of response
Patients, n (% total cohort) 29 (11.5) 4 (1.6) 2 (0.79)
Dose optimization

n, (% of total cohort) 10 (4.0) 3 (1.2) 2 (0.79)
Average final dose

(mg/kg, SE)
9.5 (0.76) 10.3 (0.14) 10.9 (0.38)

BMI, body mass index; SE, standard error.
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Figure 1 Body mass index (BMI) change from infliximab initiation to
last follow up for responders and those who lost response compared
to those who maintained a normal BMI, whose BMI remained ele-
vated, and who moved from a normal to elevated BMI, *P < 0.05. ( ),
Before infliximab initiation; ( ), last follow up.

I Rodin et al. BMI and infliximab treatment in pediatric IBD

JGH Open: An open access journal of gastroenterology and hepatology 4 (2020) 446–453

© 2019 The Authors. JGH Open: An open access journal of gastroenterology and hepatology published by Journal of Gastroenterology and Hepatology Foundation and

John Wiley & Sons Australia, Ltd.

449



elevated and elevated to elevated BMI groups, respectively).
Notably, for patients with LOR, dose optimization occurred more
frequently in children with a normal BMI at infliximab initiation
but had an elevated BMI at last follow up and in those who had
an elevated BMI before infliximab initiation and at last follow up
(75 and 100%, respectively) compared to children with a normal
BMI throughout the study (34.5%), although the numbers were
small, and these differences did not reach statistical significance
(Table 2, P = 0.16).

For both responders and patients with LOR, dose optimi-
zation was independent of disease subtype. For responders,
26.3% of CD patients and 23.5% of UC/IBDU patients required
dose optimization (P = 0.30). For those with LOR, 30.4% of CD
patients and 41.7% of UC/IBDU patients required dose optimiza-
tion (P = 0.36).

Trough levels. Infliximab trough levels were recorded in
169 (66.8%) patients during maintenance therapy (Table 3). The
median duration from infliximab initiation to trough level was
18.6 months (IQR, 8.1–34.8), which did not differ significantly
between BMI groups. Median infliximab trough concentrations
did not differ significantly between BMI groups (Table 3) or by
disease subtype (5.7 μg/mL CD vs 6.9 μg/mL UC/IBDU,
P = 0.74). Subtherapeutic trough levels were recorded in 37.9%
of patients. The median BMI of patients with therapeutic and
subtherapeutic trough levels was similar at 19.9 kg/m2 (IQR,
17.3–23.8) and 19.7 kg/m2 (IQR, 17.4–21.9), respectively. More-
over, in patients with subtherapeutic trough levels, there were no
significant differences in the number of patients between the
three BMI categories, (Table 3). In addition, there was no signifi-
cant difference in the proportion of patients with subtherapeutic
trough levels when classified by disease subtype (CD and
UC/IBD-U: 40.5 vs 31%, respectively, P = 0.74).

Infliximab loss of response. Of the 35 (13.8%) patients
who lost response to infliximab, 25 experienced secondary LOR,
and 10 had infusion reactions (Tables 1a and 2). BMI had no
effect on infliximab failure, with no significant difference between
normal and high BMI subgroups (13.4 vs 16.7%, respectively,
P = 0.9). Furthermore, no statistically significant difference in
infliximab failure rate was observed between subgroups, with
13.4% (29/217) in normal, 21.7% in overweight (5/23), and 7.6%
(1/13) in obese BMI categories (Table 1a), or when further sub-
divided into those patients whose BMI increased from the normal
to elevated range at 15.4% (Table 1b). Interestingly, corticosteroid
use increased the odds of infliximab LOR by 53.5% (P = 0.04)
when controlling for concomitant therapies.

Patient demographics and treatment characteristics between
responders and those who lost response to infliximab were com-
pared. No difference was observed between age, disease subtype,
or BMI groups at last follow up (data not presented). Furthermore,
there was no difference in treatment characteristics (final dose,
infusions per year, and maintenance therapy trough concentrations)
between groups.

Multivariate logistic regression analysis determined that
none of the variables evaluated (gender, BMI at infliximab initia-
tion and last follow up, disease subtype, maintenance therapy
trough level, number of infliximab infusions per year, and final

infliximab dose) were significant in predicting either dose optimi-
zation or LOR.

Characteristics between therapeutic and sub-
therapeutic trough levels. The median BMI of patients
with therapeutic and subtherapeutic trough levels was similar at
19.9 kg/m2 (IQR, 17.3–23.8) and 19.7 kg/m2 (IQR, 17.4–21.9),
respectively (Table S2). However, we observed a numerical dif-
ference in mean infliximab mg/kg dose associated with therapeu-
tic compared to subtherapeutic trough concentrations (9.4 � 0.25
vs 8.7 � 0.38 mg/kg), although this failed to reach statistical sig-
nificance (Table S2, P = 0.054). Notably, the mean dosing inter-
val was significantly shorter in therapeutic than subtherapeutic
trough level groups (5.2 � 0.13 vs 6.4 � 0.21 weeks, P < 0.001).
As expected, significantly more patients with therapeutic trough
levels had a C. reactive protein (CRP) <5 mg/L (84.8 vs 62.5%,
P = 0.012), while no significant difference was found between
erythrocyte sedimentation rate (ESR), PCDAI (n = 123), and
PUCAI (n = 45) scores in patients with therapeutic and sub-
therapeutic trough levels (Table S2).

Discussion
In this single-center study on a well-characterized cohort of pedi-
atric IBD patients on infliximab, we report that excess weight
gain was not associated with higher weight-based mg/kg dosing,
more frequent dose optimization, lower serum trough levels, or
increased risk of treatment failure. Although dose optimization
was more frequent in patients who eventually failed infliximab,
this was not significantly more common in patients with excess
weight gain, whether they responded to or failed infliximab ther-
apy. Further to our secondary aims, therapeutic trough levels
were associated with significantly shorter mean dosing intervals
and significantly lower CRP levels than subtherapeutic trough
levels, although no significant difference was found in infliximab
dose, ESR, PCDAI, and PUCAI scores.

Our study adds to the body of evidence that infliximab use
in children with IBD is associated with excess weight gain.5,6

Appropriate weight gain is an important therapeutic goal and is
likely due to a combination of factors, including a reduction in
inflammatory burden and circulating inflammatory mediators and
an increase in appetite and caloric intake. Mechanisms underly-
ing excessive weight gain on anti-TNF therapy remain to be
determined. Previous studies on rheumatoid arthritis patients
have reported a lack of gain in muscle mass with anti-TNF ther-
apy, suggesting that weight gain is due in part to an increase in
fat mass, although these studies did not extend beyond
24 weeks.12,13 Anti-TNF therapy may also contribute to an ongo-
ing increase in appetite and weight gain through effects on
ghrelin, leptin, and adiponectin, with the added potential con-
founding effect of genetic polymorphisms.14–16

Although obesity is recognized as a potential state of
chronic low-grade inflammation,17 it did not negatively impact
CRP levels. Obesity has also been identified as a risk factor for
increased clearance in population-based pharmacokinetic studies
of anti-TNF agents; however, there was no significant difference
in infliximab trough levels between patient groups in our
study.18–21
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Responders with excess weight gain had significantly higher
absolute infliximab dosing, although weight-based dosing was sim-
ilar between groups (7.7 vs 8.2 mg/kg with excess weight gain vs
normal BMI) and between CD and UC/IBD-U patients (7.6 mg/kg
for CD and 8.8 mg/kg for UC/IBDU with excess weight gain vs
7.7 mg/kg for CD and for 8.4 mg/kg UC/IBDU with normal BMI).
Furthermore, in keeping with the findings of Singh et al., our results
suggest that obesity did not adversely influence infliximab efficacy
when administered in a weight-based dosing regimen.10 Notably,
excess weight gain was not associated with a significant difference
in the proportion of patients with subtherapeutic infliximab trough
levels (23% in overweight/obese vs 40.6% in normal BMI cohorts)
or in the proportion of patients with LOR (16.7% in overweight/
obese vs 13.4% in normal BMI groups). Furthermore, in CD and
UC/IBD-U patients with excess weight gain, no significant differ-
ence in the proportion of patients with subtherapeutic infliximab
trough levels was noted compared to those with normal BMI
(22.2% in overweight/obese CD and 20% in overweight UC/IBDU
vs 43.4% in normal BMI CD and 30.8% in normal BMI UC/IBDU)
or in the proportion of patients who failed infliximab (12.5% in
overweight/obese CD and 25% in overweight/obese UC/IBDU vs
12.0% in normal BMI CD and 17.6% in overweight UC/IBDU).
Similarly, Bhalme et al. reported no significant effect of BMI on
LOR in adult CD patients on a weight-adjusted infliximab dosing
regime, whereas in adult CD patients on adalimumab, an increased
BMI was associated with an increased hazard of LOR (P = 0.045).2

While Bond et al. found no relationship between BMI and
infliximab trough levels, they also found no relationship with
adalimumab.22 Conversely, three studies involving 518 adult CD
patients on infliximab reported that patients with a high BMI had
more rapid and frequent LOR to infliximab.8,9,23 It is possible that
infliximab dosing was not adjusted appropriately and obese patients
may not have received optimal weight-appropriate therapy.
Seminerio et al. reported suboptimal infliximab dosing in obese
patients with an average dose of approximately 4 mg/kg in class III
obesity compared to 6.4 mg/kg in overweight patients and
7.9 mg/kg in patients with a normal BMI.24 Through close monitor-
ing, adjusting for key confounding variables, and adequate drug
exposure, we are able to show that obesity may not be an important
modifier in infliximab response in pediatric IBD patients.

Consistent with our findings, the recent publication from
the ImproveCareNow registry reporting on a large retrospective
pediatric CD cohort (n = 898, 87 overweight and 43 obese) noted
that health-care visits, number of patients in corticosteroid-free
remission, and use of medications were similar among obese and
nonobese patients.25 Moreover, in a meta-analysis of seven (two
CD, five IBD) studies, obese patients were significantly less
likely to undergo IBD-related surgery and hospitalization.26 Con-
versely, in a large retrospective adult CD cohort (n = 2065, 3%
obese)27 and a pediatric IBD cohort (n = 100, 15% obese), a
more severe clinical course was reported in obese patients.28 Fur-
ther studies are warranted to prospectively evaluate the impact of
obesity on IBD course and drug responses.

Although our analysis did not demonstrate a correlation
between corticosteroid use and weight gain, the adverse long-
term metabolic effects of corticosteroids on muscle and fat com-
position and beneficial steroid-sparing effect of anti-TNF therapy
warrants further study. Notably, corticosteroid use in our cohort
increased the odds of infliximab failure. While the mechanisms
responsible remain to be determined, it is possible that disease
severity and potential steroid-induced alterations in immunologi-
cal and biological responses played a role.

Our study has a number of strengths. Our cohort con-
sists of a well-characterized, closely followed group of
patients. Furthermore, compared to a number of earlier stud-
ies, we used stricter criteria for the classification of obesity. In
addition, we incorporated a weight-based infliximab dosing
regime and serum infliximab trough levels. However, there are
several limitations inherent to our study. The data were col-
lected in a retrospective manner; therefore, there was no stan-
dardized approach to recording patient data, although our IBD
practice is largely standardized. Serum infliximab trough con-
centrations were not always performed in a routine manner as
some patients had trough concentrations evaluated routinely
and proactively, whereas other patients had trough concentra-
tions taken based on a reactive strategy. Consequently, only
maintenance therapy trough levels were recorded and com-
pared. Despite this limitation, we were able to evaluate the
relationship between BMI, trough levels, and clinical/bio-
chemical markers of disease severity. In addition, only

Table 3 Patient characteristics and maintenance trough concentrations

Total cohort (n = 169)

Normal BMI
(18.5–24.9 kg/m2)

(n = 143)

Overweight
(25–29.9 kg/m2)

(n = 18)

Obese
(>30 kg/m2)

(n = 8)

Patient characteristics
Gender (males: females) 0.92 0.91 0.64 3
BMI (kg/m2) (median, IQR) 19.9 (17.3–23.1) 19.3 (17.1–21.4) 26.1 (25.4–27.6) 32.7 (31.4–37.5)

Infliximab characteristics
Age at IFX Trough Level, y (median, IQR) 15.6 (13.2–17.0) 15.5 (13.1–16.9) 16.9 (15.5–17.4) 17.2 (15.7–17.5)
Length of time from IFX initiation to trough level, months

(median, IQR)
18.6 (8.1–34.8) 17.7 (8.6–37.1) 24.3 (8.1–33.9) 9.8 (4.1–29.6)

Trough concentration (μg/mL) (median, IQR) 5.9 (3.9–10.3) 5.7 (3.9–9.6) 8.5 (5.7–11.0) 5.6 (4.8–12.8)
Patients with therapeutic trough concentrations (≥5 μg/

mL), n (%)
105 (62.1) 85 (59.4) 14 (77.8) 6 (75)

Patients with subtherapeutic trough concentrations (<5 μg/
mL), n (%)

64 (37.9) 58 (40.6) 4 (22.2) 2 (25)

BMI, body mass index; IFX, infliximab; IQR, interquartile range.
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treatment discontinuation was considered treatment failure.
Another limitation is that infliximab dose change was initially
based on weight/weight gain and not trough levels, limiting
our ability to determine the impact of excess weight gain on
infliximab trough concentrations. Finally, children gain weight
naturally during growth that potentially confounds the rela-
tionship between infliximab and weight gain. This was
addressed by multivariate analysis determining that neither
age nor gender predicted dose optimization or response.

In conclusion, our study indicates that, in a cohort of
pediatric IBD patients on infliximab maintenance therapy,
10.3% of the cohort demonstrated excess weight gain. This
weight gain was not associated with higher weight-based
mg/kg infliximab dosing, lower serum infliximab trough
levels, or increased risk of treatment failure. It is currently
unclear whether obesity in IBD patients influences the
response to fixed-dose biologic agents. Prospective cohort
studies are warranted to confirm these findings and to further
study the impact of excess weight gain on response to bio-
logic therapies.
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