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ABSTRACT: Improvements in insulin resistance after anti-TNF-�
therapy have been reported in inflammatory conditions, although no
changes were noted in adult patients with Crohn’s disease. There is
no information concerning insulin resistance and substrate metabo-
lism in children with Crohn’s disease after anti-TNF-� therapy. Our
aim was to describe changes in carbohydrate and lipid metabolism in
children with active Crohn’s disease after their initial dose of inflix-
imab. Children with active Crohn’s disease underwent measurement
of plasma insulin and glucose just before and 2 wk after their initial
infusion of infliximab, an anti-TNF-� antibody. In addition, resting
energy expenditure, with determination of both carbohydrate and
lipid oxidation rates, was determined. Measurements were conducted
in both fasting and parenterally fed states. Despite no changes in
resting energy expenditure, a significant reduction (p � 0.05) in RQ
(5%) and carbohydrate oxidation rate (24%), with a corresponding
increase in lipid oxidation rate (42%) was found during parenteral
nutrition infusion. No differences in plasma insulin, glucose, and
insulin resistance were noted when comparing pre- and postinflix-
imab measurements. (Pediatr Res 64: 673–676, 2008)

The use of anti-TNF-� agents for the treatment of a variety
of diseases, including rheumatoid arthritis and Crohn’s

disease, has exploded over the last decade. The effect of
anti-TNF-� agents on substrate metabolism, including carbo-
hydrate and lipid metabolism, is of significant importance in
pediatric patients, who frequently suffer from growth distur-
bances because of inflammatory disorders. Although TNF-�
may affect glucose metabolism by increasing noninsulin de-
pendent glucose transport and decreasing insulin dependent
glucose transport, conflicting evidence of the action of inflix-
imab on insulin resistance in otherwise healthy obese or
insulin resistant subjects emerged from initial studies (1),
including the observation that changes in insulin resistance
were more readily observed in more obese patients (2).
The study of the effects of anti-TNF-� agents on insulin

resistance in inflammatory conditions has produced conflict-
ing evidence. In adult patients with rheumatoid arthritis, sig-
nificant changes in glucose metabolism were noted after in-
fliximab therapy. Gonzalez-Gay et al. (3) demonstrated an

improvement in insulin resistance and sensitivity immediately
after the infusion of infliximab, and Tam et al. (4) demon-
strated decreased plasma insulin and decreased insulin resis-
tance at 14 wk, following infliximab (3 mg/kg) at wk 0, 2, and
6. Among adult patients with rheumatoid arthritis and anky-
losing spondylitis, Kiortsis et al. (5) found improvements in
insulin sensitivity and resistance in those patients with the
highest baseline insulin resistance. Huvers et al. (6) used the
hyperinsulinemic-euglycemic clamp technique in eight pa-
tients with rheumatic disease, demonstrating improved insulin
sensitivity 6 wk after initiating infliximab therapy. Only lim-
ited data are available concerning changes in insulin sensitiv-
ity after infliximab therapy for Crohn’s disease. In 10 adult
patients with Crohn’s disease, three to five infusions of inflix-
imab resulted in no changes in fasting insulin and insulin
resistance (7).
The effects of acute inflammation and nutritional depletion

on substrate metabolism, and its reaction to nutritional reha-
bilitation and medical therapy, may provide information about
how substrate metabolism in children with Crohn’s disease
will react to anti-TNF-� therapy. Septic patients are more
dependent on lipid oxidation for energy, and in fact, continue
to oxidize lipid even when the patient is provided excess
carbohydrate (8). Lipid oxidation rates are lower in nutrition-
ally depleted subjects compared with septic patients, regard-
less of the composition of nutritional intake (9). Adult patients
with inactive Crohn’s disease have lower fat mass and higher
lipid oxidation rates than healthy controls (10). No data
concerning glucose, insulin, or substrate metabolism exist in
pediatric patients after infliximab therapy. The aim of this
study was to describe changes in these parameters after the
initial dose of infliximab in pediatric patients with Crohn’s
disease. Based on the results of prior in vitro and in vivo
studies, we hypothesize that the administration of anti-TNF-�
therapy to children with active Crohn’s disease will result in
an increase in lipid oxidation rates, decrease in carbohydrate
oxidation rates, and improvement in insulin sensitivity.
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METHODS

Participants. We recruited children less than 18 years of age with Crohn’s
disease scheduled to receive their initial infusion of infliximab, an anti-TNF-�
antibody. Patients were recruited from the outpatient Pediatric Gastrointesti-
nal Disease Clinic of the James Whitcomb Riley Hospital for Children,
Indiana University School of Medicine, Indianapolis, IN. These children were
scheduled to receive an i.v. infusion of infliximab due to active Crohn’s
disease unresponsive to conventional medical therapy, or complicated by
fistula formation. The pediatric Crohn’s disease activity index (PCDAI) was
administered to all patients at each visit. The PCDAI includes subjective
reporting of symptoms, physical examination findings, including anthropo-
metric measurements, and three laboratory examinations: hematocrit, eryth-
rocyte sedimentation rate, and serum albumin. The PCDAI has been validated
in children and adolescents (11). Informed written consent was obtained from
the legal guardian of the child, and each child provided written assent. This
study was approved by the Indiana University, Purdue University Indianapolis
and Clarian Institutional Review Board, and by the Indiana University School
of Medicine General Clinical Research Center Advisory Committee.

Markers of glucose and insulin metabolism. Children with active Crohn’s
disease underwent outpatient metabolic assessment immediately before and 2
wk after initial infliximab infusion (12). Children were admitted to the
General Clinical Research Center for metabolic assessment the morning after
an overnight fast. During the fasting portion of the study, a blood sample (3
mL) was obtained. Blood was immediately analyzed for plasma glucose
concentration, and the remainder of the sample then frozen at �70°C for later
analysis. After the fasting portion of the study (approximately 3 h), an i.v.
solution of glucose (4.2 mg/kg/min), lipid (83 mg/kg/h) (Intralipid 20%,
Baxter Healthcare Corporation, Deerfield, IL), and amino acids (63 mg/kg/h)
(15% Clinisol, Baxter Healthcare Corporation) was infused for 2.5 h. If this
infusion were to continue over 24 h, it would have provided 48 kcal/kg, 6 g/kg
of glucose, 2 g/kg of lipid, and 1.5 g/kg of protein. A blood sample (3 mL)
was obtained at the end of the parenteral nutrition infusion, analyzed for
plasma glucose, and frozen for later analysis.

Blood samples from the fasting and parenterally fed portions of the study
were analyzed for plasma insulin concentration [Interassay CV 6.4%, intra-
assay CV 4.8%] (Linco Human Insulin RIA, St. Charles, MO). The glucose/
insulin ratio (GIR), homeostasis model assessment (HOMA), and quantitative
insulin sensitivity check index (QUICKI) were calculated for each patient at
both fasting and parenterally fed timepoints (13). In addition, the Insulin
Sensitivity Index (ISI) (14), which combines fasting and enterally fed data,
was adapted for our patients by using the parenteral nutrition infusion time
period as the fed state.

Indirect calorimetry. Open circuit indirect respiratory calorimetry
(CCM/D Gas Exchange System; Medical Graphics Corporation, St. Paul,
MN) was performed to measure resting oxygen consumption, carbon dioxide
production, and resting energy expenditure as previously described (15).
Measurements were taken over 30 min of the fasting and parenteral nutrition
infusion portions of the study while the patients were resting. Urinary nitrogen
was not measured. Protein oxidation was derived from phenylalanine conver-
sion to tyrosine by hydroxylation (12), and this value was subtracted from the
total resting energy expenditure. The remaining resting energy expenditure
was divided between carbohydrate and lipid oxidation based on the RQ (16).

Statistical analysis. All results are reported as the mean � SEM. Com-
parisons within the sample group between pre- and postinfliximab measure-
ments, and between fasting and parenterally fed measurements, were made
using the paired t test. Patient data were obtained as part of a protein
metabolism study, on which sample size was based (12). Available data from
the full sample size was used for this study. A p � 0.05 was considered
statistically significant.

RESULTS

Patient characteristics. Eleven patients completed the
study; six were male and five were female. Nine patients were
white and two were African-American. The mean age of the
patients was 15.1 � 0.3 yr. At the time of enrollment, the
mean weight Z-score was �0.76 � 0.29, the mean height
Z-score was �0.69 � 0.48, and the mean BMI Z-score was
�0.30 � 0.46. The mean PCDAI of the patients decreased
significantly (p � 0.01) from 23 � 3 to 12 � 3 after
infliximab. The mean erythrocyte sedimentation rate de-
creased significantly (p � 0.01) from 24 � 3 to 12 � 2 mm/h
after infliximab. Three of the patients were receiving a wean-
ing dose of oral corticosteroids at the time of the study, and the
mean doses of corticosteroids before and 2 wk after the dose
of infliximab were 25 � 5 and 10 � 6 mg/d, respectively.
Glucose and insulin metabolism. No significant differences

in plasma glucose and insulin levels between pre- and postin-
fliximab measurements were detected in either the fasting or
parenterally fed states (Table 1). When the three patients on
concomitant corticosteroids were excluded, no additional sig-
nificant changes were noted. No significant differences in GIR,
HOMA, or QUICKI were detected between pre- and postin-
fliximab measurements in either the fasting or parenterally fed
states (Table 1). No significant difference in the adapted ISI
was detected between pre- and postinfliximab measurements
(Table 1). When the three patients on concomitant corticoste-
roids were excluded, no significant changes were noted.
Indirect calorimetry. Indirect calorimetry data were avail-

able for seven patients in the fasting and parenterally fed
states. In the fasting state, no significant change in resting
energy expenditure (preinfliximab: 30.0 � 1.1 kcal/kg/d;
postinfliximab 29.0 � 1.4 kcal/kg/d) was detected (Fig. 1). No
significant change in protein oxidation (preinfliximab: 3.6 �
0.3 kcal/kg/d; postinfliximab 3.4 � 0.3 kcal/kg/d) was found.
Similarly, no significant changes in carbohydrate (preinflix-
imab: 14.3 � 2.0 kcal/kg/d; postinfliximab 11.9 � 2.2 kcal/
kg/d) and lipid metabolism (preinfliximab: 12.1 � 1.7 kcal/
kg/d; postinfliximab 13.7 � 2.8 kcal/kg/d) were detected (Fig.
1). No significant difference in RQ was noted between pre-
and postinfliximab measurements (0.85 � 0.02 and 0.84 �
0.02, respectively). In the parenterally fed state, no significant
change in resting energy expenditure (preinfliximab: 32.0 �
1.3 kcal/kg/d; postinfliximab 31.2 � 1.5 kcal/kg/d) was de-
tected (Fig. 2). No significant change in protein oxidation

Table 1. Markers of insulin sensitivity*

Marker

Fasting Parenterally fed

Preinfliximab Postinfliximab Preinfliximab Postinfliximab

Glucose (mg/dL) 88 � 2† 89 � 3 119 � 5 116 � 5
Insulin (mU/mL) 8.6 � 1.6 7.0 � 1.2 24.8 � 6.2 26.7 � 6.6
Gluc/ins ratio 15.7 � 3.3 16.1 � 2.2 7.2 � 1.2 7.5 � 1.5
HOMA 34 � 6 28 � 5 134 � 34 139 � 34
QUICKI 0.36 � 0.01 0.37 � 0.01 0.30 � 0.01 0.30 � 0.01

Preinfliximab Postinfliximab

ISI 10.3 � 2.3 10.8 � 1.9

* There were no statistically significant differences between preinfliximab and postinfliximab values in any of the variables.
† Mean � SE (all such values).
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(preinfliximab: 4.2 � 0.4 kcal/kg/d; postinfliximab 4.5 � 0.5
kcal/kg/d) was found. However, energy expenditure from both
carbohydrate and lipid metabolism were significantly changed
(p � 0.05) after infliximab therapy (Fig. 2). Carbohydrate
oxidation decreased 24% from 19.2 � 1.1 to 14.5 � 0.9
kcal/kg/d, and lipid oxidation increased 42% from 8.6 � 1.6
to 12.2 � 0.9 kcal/kg/d after infliximab therapy. In addition,
the RQ decreased significantly (p � 0.05) (preinfliximab:
0.91 � 0.02; post infliximab: 0.86 � 0.01). When two of the
seven patients were excluded due to concomitant corticoste-
roid use, a significant decrease in RQ and nearly significant
decrease in energy expenditure from carbohydrate metabolism
remained.

DISCUSSION

In children with active Crohn’s disease receiving their
initial dose of infliximab therapy, no significant changes in
plasma insulin and glucose, or surrogate measures of insulin
resistance (HOMA, ISI, GIR, QUICKI) were observed. The
effects of anti-TNF-� therapy on insulin resistance in patients
with inflammatory diseases are variable, although our findings
confirm prior observations in adult patients with Crohn’s
disease, in whom no changes in insulin resistance were ob-
served (7). Marked changes in insulin are more frequently
observed in traumatized/infected patients than in nutritionally

depleted patients (17). However, we observed a significant
change in carbohydrate and lipid oxidation rates after inflix-
imab therapy during the provision of parenteral nutrition. This
is the first study to demonstrate changes in substrate metabo-
lism because of infliximab therapy. As our prior studies have
demonstrated (12), we believe it is important to study these
children in both the fasting (catabolic) and fed (anabolic)
states to more fully describe the effects of therapy on meta-
bolic outcomes. Our study used parenteral nutrition to more
fully control the provision of nutrition. Systemic inflamma-
tion may result in increased extraction of amino acids by
splanchnic tissue (18). Further studies examining splanch-
nic protein kinetics in patients with inflammatory bowel
disease are warranted.
By utilizing the RQ and the resting energy expenditure, we

were able to determine the amount of calories used from both
carbohydrate and lipid oxidation in determining resting energy
expenditure. After infliximab therapy, we found a significant
reduction in RQ and resting energy expenditure from carbo-
hydrate oxidation accompanied by a rise in lipid oxidation
during parenteral nutrition infusion. Carbohydrate and lipid
oxidation rates demonstrate an inverse correlation, consistent
with a glucose-fatty acid cycle (19). In our study, however, we
provided equivalent parenteral nutrition at both pre- and
postinfliximab timepoints, suggesting that changes in carbo-
hydrate oxidation rates are not the result of the provision of
i.v. lipid (which is known to reduce the carbohydrate oxida-
tion rate), but rather the effect of anti-TNF-� therapy. Lipid
oxidation decreases significantly during recovery from mal-
nutrition, particularly during parenteral nutrition infusion (20).
Multiple studies in septic or infected patients confirm that

acute inflammation results in an increased dependence of lipid
oxidation for energy generation (8,9). When these patients are
provided carbohydrate in excess of caloric requirements, con-
tinued lipid oxidation occurs (8,17). Lipid oxidation rates are
lower in nutritionally depleted patients compared with acutely
inflamed patients (17), and in vitro data suggests that TNF-�
may inhibit lipid oxidation. In rat hepatocytes, TNF-� admin-
istration resulted in decreased fatty acid oxidation, which was
enhanced by either IL-1 or IL-6 (21). Similarly, when differ-
entiated human preadipocytes were treated with TNF-� for
48 h, expression of electron transport genes was down-
regulated, and fatty acid oxidation was decreased by 30%
(22). Finally, in TNF-� transgenic mice, hepatic mRNA and
activities of carnitine palmitoyltrasferase-II and mitochondrial
HMG-CoA synthase, fatty acid oxidation, fatty acyl-CoA
oxidase, and fatty acid synthase were reduced (23).
Interpreting findings in pediatric patients with Crohn’s dis-

ease requires care, as these patients suffer from both chronic
inflammation, partly TNF-� mediated, and frequently from
malnutrition, mediated by anorexia, malabsorption, and in-
flammation. Extrapolating data from acutely inflamed patients
(i.e., trauma, sepsis) to pediatric inflammatory bowel disease
(a chronic inflammatory state) seems fraught with potential
error. Rather, the effects of chronic inflammation and malnu-
trition may both affect substrate metabolism, and only by
correcting both can these children reach optimal growth.
Given prior in vitro data, the administration of anti-TNF-�

Figure 1. Mean (�SE) resting energy expenditure (f), carbohydrate (�), lipid
( ) and protein ( ), oxidation in the fasting state before and after the initial dose
of infliximab in children with active Crohn’s disease. No significant difference
was noted between preinfliximab and postinfliximab measurements.

Figure 2. Mean (�SE) resting energy expenditure (f), carbohydrate (�), lipid
( ) and protein ( ), oxidation in the parenterally fed state before and after the
initial dose of infliximab in children with active Crohn’s disease. A significant
difference (*p � 0.05) was noted in both carbohydrate and lipid oxidation
between preinfliximab and postinfliximab measurements.
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antibody would seem likely to increase lipid oxidation, as we
have observed in this study.
Changes in body composition after corticosteroid therapy

may include acquisition of fat mass and obesity. In children
with steroid-sensitive nephrotic syndrome, who do not have
systemic inflammation, long-term corticosteroid use resulted
in obesity, high adiposity, and relatively low appendicular
lean mass (24). In children with rheumatic disease, cortico-
steroid use greater than 1 year resulted in decreased lean mass
and significantly higher fat mass (25). In children with active
inflammatory bowel disease, concomitant treatment with
short-term parenteral nutrition and corticosteroids resulted in
predominant fat deposition in the extremities (26). The effects
of infliximab seem to contrast those of corticosteroids, which
seem to promote fat deposition, perhaps in part due to reduced
fat oxidation. Although three of the patients were on weaning
doses of corticosteroids during the study, we believe the
metabolic changes observed, especially over the 2 wk time-
frame, were more likely a result of anti-TNF-� therapy. This
was confirmed by obtaining nearly identical results when the
patients receiving corticosteroids were excluded. Given that
lean body mass acquisition is critical for growth and bone
mineral content acquisition, infliximab may prove superior to
corticosteroids in optimizing these outcomes. Long-term,
larger studies of children receiving anti-TNF-� therapy are
needed to determine whether changes in body composition
and bone mineral density result from the metabolic changes
we have observed.
We have previously reported decreased protein turnover in

children with active Crohn’s disease after infliximab therapy
(12), and no difference in protein oxidation was noted after
infliximab therapy in either the fasting or parenterally fed
state. We believe the results of this study add to our
understanding of the metabolic alterations in active Crohn’s
disease, as well as the effects of anti-TNF-� therapy.
Protein, carbohydrate, and lipid metabolism are obviously
linked, and there is evidence that conversion of amino acid
to carbohydrate continues during active inflammation, even
in the setting of exogenous glucose infusion (27). In these
children, there appears to be increased oxidation of carbo-
hydrate in the inflamed state, which is reduced by anti-
TNF-� therapy. Further studies of long-term maintenance
infliximab therapy, and analysis of body composition, car-
bohydrate and fat metabolism, and the effects of enteral
nutrition, will provide additional information about sub-
strate metabolism in these children.
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