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Abstract

Background: There is controversy about nutrition status and calorie needs during phases of active versus inactive adult Crohn’s disease
(CD). Results have been reported in cross-sectional studies, but longitudinal data are unavailable. Our aim was to explore whether disease
activity had an impact on resting energy expenditure (REE) and body composition in adult patients with CD. Materials and Methods:
Adult patients were studied on 2 occasions with active and inactive CD. REE was measured by indirect calorimetry. Body composition
was estimated from bioelectrical impedance analysis. Disease activity was measured using the Crohn’s Disease Activity Index (CDAI).
Regression analyses of REE with CDAI score, C-reactive protein, and erythrocyte sedimentation rate were also performed. Results:
Seventy-five patients were included. Patients with active CD had increased REE/body weight compared with patients with inactive
disease (28.8 £ 5.4 vs 25.9 + 4.3 kecal/kg, P <.001). Disease behavior and location, but not sex, had an impact on REE/body weight. Body
mass index was lower in active disease than in remission (17.4 + 3.0 vs 18.1 £ 2.6 kg/m?, P = .010). Body composition was not affected
by disease behavior or location. Conclusion: Patients with remission had a better nutrition status and decreased REE compared with those
with active CD. REE could also be affected by disease location and behavior. (JPEN J Parenter Enteral Nutr. X XXX;XX:XX-XX)
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malnutrition relative to energy expenditure is still uncertain.
Some work has shown raised resting energy expenditure (REE)
in active adult CD,** but other studies have not found any
influence of disease activity on energy metabolism when
adjusted for body weight (BW) or fat-free mass (FFM).®’ The
data concerning body composition in adult CD patients are
also heterogeneous, and the effect of disease activity on body
composition warrants further investigation.®

Clinical Relevancy Statement

Determination of the dynamic nutrition needs during the active
and inactive phases of adult Crohn’s disease (CD) is helpful for
guiding nutrition therapy. The impact of disease activity and
behavior on energy metabolism and body composition observed
in this longitudinal study may be helpful for clinicians in provid-
ing appropriate energy substrates and evaluating nutrition status
in adult patients with CD.
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Malnutrition is a common sequela of Crohn’s disease (CD). It Supplementary material for this article is available on the Journal of

is estimated that emaciation is found in 20%-75% patients
with CD, and ~75% of hospitalized CD patients are undernour-
ished.' Malnutrition in CD is associated with decreased quality
of life and, more importantly, increased nutrition risk and com-
plications after surgery.

Nutrition therapy is frequently indicated in CD.? Exclusive
enteral nutrition (EN) is recommended as the primary therapy
for induction of remission in childhood CD and adjunctive
therapy for adult CD when patients are refractory to corticoste-
roids or their use is not feasible.® Therefore, it is necessary to
determine the optimal energy requirement for nutrition ther-
apy. However, the impact of disease activity superimposed on
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Previous studies were predominantly cross-sectional, and
individual variations and small sample sizes often interfered
with results; thus, it is necessary to examine the dynamic
change of energy metabolism and body composition in the
same patient with active or quiescent CD. The purpose of this
longitudinal study was to observe the effects of disease activ-
ity, location, and behavior on REE and body composition in a
prospectively followed cohort of adult CD patients.

Materials and Methods

Patients

All CD patients, aged >17 years (Montreal classification A2/
A3), who attended the outpatient clinics or were admitted to
the Inflammatory Bowel Disease Center at Jinling Hospital,
Nanjing, China, were eligible for enrollment in this prospec-
tive cohort, regardless of disease activity level. Patients were
enrolled from January 2010 to October 2012. Baseline mea-
surements were completed within 1 week after enrollment.
Eligible patients were followed up until their disease status
changed (active vs remission) or to the end of the study
(February 2013). The follow-up interval was a maximum of
3 months. During follow-up, patients were routinely assessed
for disease activity according to CD Activity Index (CDAI)
score, C-reactive protein (CRP), and erythrocyte sedimentation
rate (ESR). If disease activity changed, indirect calorimetry
and anthropometry were performed again.

For final inclusion in the current study, patients must have
had 2 disease activity statuses: active (with CDAI score 150—
450) and remission (with CDAI score <150) during follow-up.
Patients who declined to participate, were lost to follow-up,
died, or did not reach or left remission were excluded. Pregnant
patients or patients with a history of chronic liver disease, dia-
betes mellitus, thyroid dysfunction, or other acute or chronic
diseases were also excluded.

For patients with active disease on entry, remission could be
induced either medically (by 5-aminosalicylic acid, EN, corti-
costeroid, or infliximab [IFX]) or surgically. For patients
receiving medical therapy, repeated evaluation was performed
after a minimum interval of 6 weeks after initiation of therapy.9
For those undergoing surgery, reevaluation was carried out at
least 3 months after the operation to eliminate the potential
influence of surgical stress on metabolism.'” For patients who
had remission on entry and acute flare-up later, protocols for
maintenance therapy were recorded.

The study was approved by the Ethical Committee of Jinling
Hospital. Informed consent was obtained from all patients.

Disease Activity and Classification

Disease activity was scored using the CDAL'"' which consisted
of 8 factors, each summed after adjustment with a weighting
factor. Serum CRP level was included in the routine clinical
tests via a modified latex-enhanced immunoturbidimetric

assay using a CRP latex kit (Hitachi 7600-020, Hitachi, Japan)
according to the manufacturer’s instructions. ESR as a clinical
marker of systemic inflammation was also recorded.

Disease was classified according to the Montreal criteria on
the basis of age of onset (A) (<16 years [Al], 17-40 years
[A2], and >40 years [A3]), location (L) (terminal ileum [L1],
colon [L2], ileum—colon [L3], and isolated upper disease [L4]),
or behavior (B) (nonstricturing nonpenetrating [B1], strictur-
ing [B2], and penetrating [B3]).'> L4 was a modifier that could
be added to L1-L3 when concomitant upper gastrointestinal
(GI) disease was present. P was added to B1-B3 when con-
comitant perianal disease was present.

REE

REE was measured using indirect calorimetry that measured
oxygen consumed and carbon dioxide produced. Measurements
were made in the morning after an overnight fast. REE was deter-
mined by open circuit indirect calorimetry using a ventilated
hood system. The measurement was carried out over 20 minutes,
with the patient in the supine position under standard conditions
of rest, immobility, thermoneutrality (22°C-24°C), and mental
relaxation. The system was calibrated for each patient, and the
flow rate of air was adjusted according to the size of the patient.
The calorimeter produced a measurement of REE every minute,
and the final figure was the average of all measurements. All
calorimetry measures were done at steady state.

Body Composition Analysis

Body composition was measured by bipolar bioelectrical
impedance analysis (BIA). A multifrequency BIA with 8-point
tactile electrodes (InBody 3.0, Biospace, Seoul, Korea) was
used. This analyzer used an alternating current of 250 mA with
multiple frequencies of 5, 50, 250, and 500 kHz. Like the sin-
gle-frequency BIA with 8 electrodes, 2 electrodes were built in
each grip and plate. The multifrequency analyzer measured
segmental impedance in the right arm, left arm, right leg, left
leg, and trunk for all frequencies and automatically displayed
measurements of FFM, fat mass (FM), body cell mass, skeletal
muscle mass, bone mineral content, internal cell water, exter-
nal cell water, and segmental fluid distribution. All indirect
calorimetry and anthropometry measurements were made by
well-trained nursing staff.

Triceps skinfold thickness (TSF) of the right mid-arm was
measured using a conventional skinfold caliper with standard
techniques. The arm circumference (AC) was measured with a
plastic tape. Arm muscle circumference (AMC) was calculated
as follows: AMC = AC — 3.142 x TSF (all in centimeters)."

Statistical Analysis

Results were expressed as mean and standard deviation.
Student ¢ test for paired data was applied to compare the main
variables of interest (observed REE and anthropometry
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Figure 1. Flow chart of the patient inclusion process.

parameters) in active and inactive disease. For comparison of
variables in different subgroups, one-way analysis of variance
(ANOVA) followed by Newman—Keuls multiple comparison
test was used. Correlations between continuous variables were
assessed by correlation coefficients and regression analyses.
Statistical analysis was performed using GraphPad Prism 5.0
(GraphPad Software, San Diego, CA). Results were consid-
ered significant at P < .05.

Results

Patient Demographics

From January 2010 to October 2012, 214 patients were
screened for eligibility. As shown in Figure 1, 75 patients
(57 male) were finally included in the current study. Patients’
median age was 33 (range, 17-68) years. Forty-two had ileoco-
lonic disease (L3), 5 of whom had upper GI involvement
(L3+L4); 8 patients had colonic disease (L.2); 23 patients had
ileal involvement (L1), and 2 of them had upper GI involve-
ment (L1+L4); and 2 patients had upper GI disease only (L4).

Among the 75 patients, 15 had nonstricturing, nonpenetrat-
ing disease (B1, 2 with perianal lesion [P]), 22 had stricturing
disease (B2, 2 with P), and 38 had penetrating disease (B3, 4
with P).

Sixty-seven patients had active disease on entry, and remis-
sion was induced by medical therapy in 19 patients, 5 of whom
had IFX therapy, 1 received corticosteroids, and 13 achieved
remission with EN. Forty-eight patients had surgically or sur-
gically/medically induced remission. Eight patients had dis-
ease recurrence during follow-up. Among them, 6 were

45 -e- Active Disease
—— Remission

REE/BW(kecal/kg
w
°

Figure 2. Resting energy expenditure in adult patients with
active and inactive Crohns’ disease after medically induced
remission (MI), surgically induced remission (SI), or patients
with disease flare-up (FU).

maintained on azathiopurine (2-2.5 mg/kg/d) and 2 were
maintained on other immunosuppressants. Overall, the patients
were followed up for a median of 5.0 months, with a range of
1.5-25.8 months.

Change and Impact of Therapy on REE

REE adjusted for BW (REE/BW) decreased from 28.8 +
5.4 kcal/kg at active disease to 25.9 + 4.3 kcal/kg at remission,
with a mean decrease of 2.9 + 5.3 kcal/kg (P < .001) and a
percentage of 8.3% + 17.0%. As shown in Figure 2, for patients
with medically and surgically induced remission, REE/BW
decreased from 28.6 + 5.9 to 25.6 = 4.4 kcal/kg (P <.001) and
from 29.1 £ 5.4 to 26.1 + 4.4 kcal/kg (P < .001), respectively.
For 8 patients with disease flaring up, the ratio of REE/BW
increased from 25.1 + 4.1 to 27.4 + 3.7 kcal/kg (P < .001).
Similarly, the ratio of REE/FFM reduced from 33.6 + 6.2 to
30.6 £ 5.3 kecal/kg from active to inactive status (P <.001).

REE and Markers of Inflammation

A regression model was used to evaluate the effect of inflamma-
tory markers on REE. REE/BW did not have a linear relation-
ship with intestinal inflammation measured by CRP (r2 =0.0001,
P=.931), ESR (+* =.002, P=".737), or CDAI score (* = 0.023,
P =.195) in active disease. In remission, there was no association
of REE/BW with CRP (7% = 0.040, P = .084), ESR (+* = 0.0002,
P =.895), or CDAI (+* = 0.003, P = .650; Figure 3).

To examine whether the change in inflammation markers
correlated with REE change, regression analysis was per-
formed again. There was no linear regression between AREE/
BW and ACRP (+* = 0.004, P = .581), AESR (+* = 0.00002,
P =.969), or ACDAI (r2 =0.00003, P =.965). Similarly, there
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Figure 3. Linear regression analysis between resting energy expenditure/body weight and C-reactive protein (A), erythrocyte
sedimentation rate (B), and Crohn’s Disease Activity Index score (C) in active disease or in remission (D-F).

was no correlation of AREE/FFM with ACRP (#* = 0.013,
P = 326), AESR (+* =0.042, P = .079), or ACDAI (+* = 0.010,
P = 376).

Impact of Sex, Disease Location, and
Behavior on REE

Sex did not influence REE/BW either in active (P = .394) or
inactive (P = .073) disease. A similar result was observed for
REE/FFM (P = .145 and P = .129, respectively).

As shown in Supplementary Figure S1-A, REE/BW differed
significantly among patients with different disease behavior (B)
at remission (P = .011 for 1-way ANOVA) but not in active
disease (P = .094). At remission, REE/BW in Bl (23.0 +
2.6 kcal/kg) was significantly lower when compared with B2
(27.2 £ 4.4 kcal/kg, P <.05) and B3 (26.3 + 4.4 kcal/kg, P <.05).

The impact of disease location on REE/BW was investi-
gated (Supplementary Figure S1-B). Although patients with
different disease location had similar REE/BW on remission
(P = 1.000), in active disease, the difference was significant
(P=.035). Isolated colonic disease (L2, n = 8; 33.6 + 4.0 kcal/kg)
had the most prominent increase as compared with isolated
ileal disease (L1, n=21;28.3 + 5.6 kcal/kg, P <.05) or ileoco-
lonic disease (L3, n=37; 28.5 = 5.0 kcal/kg, P < .05).

Impact of Disease Activity, Location, and
Behavior on Body Composition

For patients with active disease, body mass index (BMI) was
17.4 £ 3.0 kg/m’, compared with 18.1 + 2.6 kg/m” in remission
(P = .010), indicating that patients with quiescent disease had
better nutrition status than those with active disease.

As shown in Figure 4, subsequent analysis revealed that
FFM had a trend of increase in inactive disease (43.5 = 7.9
vs 42.4 + 8.8 kg, P=.071), as well as FM (6.9 = 4.8 vs 7.6
+4.5 kg, P=.187) and protein mass (8.7 + 1.8 vs 8.4 + 1.8,
P = .092). However, skeletal muscle mass (23.4 £ 5.3 vs
23.2 £5.4 kg, P =.609), body cell mass (28.3 + 5.4 vs 28.0
+ 5.9 kg, P =.358), and bone mineral content (2.6 £+ 0.8 vs
2.6 £ 0.6 kg, P =.625) were comparable in different disease
states.

AC (26.0 £5.1 vs 25.8 £+ 4.9 cm, P =.760) and AMC (23.0
+ 5.3 vs23.3+4.7 cm, P=.611) also did not differ between
groups.

The effect of disease behavior or location on the percentage
fat mass (PFM) and percentage skeletal muscle mass (PSMM)
in patients with active or inactive CD was examined. Neither
disease behavior nor location (ileal, ileocolonic, or colonic)
affected PFM or PSMM (Supplementary Figure S2).
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Figure 4. Changes of anthropometry parameters in patients with
active disease and remission. BCM, body cell mass; BMC, bone
mineral content. BW, body weight; FFM, fat-free mass; FM, fat
mass; PM, protein mass; SMM, skeletal muscle mass. **P < .01
versus active disease.

Discussion

The current prospective longitudinal study provided direct evi-
dence that disease activity had a significant impact on energy
expenditure and anthropometric parameters in adult CD.
Furthermore, REE was affected by disease location and
behavior.

The relationship between energy expenditure and disease
activity in adult CD is uncertain. Previous studies comparing
the REE in CD patients with healthy controls, or active versus
inactive CD, were almost exclusively cross-sectional in design.
The current self-comparison longitudinal study that was ade-
quately corrected for biologically important confounders was
helpful for determining the effect of disease activity on REE. It
was found that patients with active disease had an 8.3%
increase in REE compared with patients in remission in the
current study. The result is consistent with previous data report-
ing REE/FFM changes in pediatric CD patients undergoing
surgery-induced remission.'’

The present study failed to find a linear relationship between
REE/BW or REE/FFM and CDAI, CRP, or ESR. The results
agree with the cross-sectional observation of Wiskin et al.'*
The explanation might be the heterogeneity of REE among
individuals and the way that REE is adjusted for body size and
composition. Expressing energy expenditure as REE/FFM
might result in higher values for those with the lowest FFM."
Wiskin et al showed that REE/kg FFM™? might be able to
adjust for the variance of REE attributable to body composi-
tion or BW in children,"® but whether it is suitable for adults is
unknown.

The results of the present study showed that patients with
B1 behavior had a lower REE/BW compared with patients
with B2 or B3 behavior, which has not been reported previ-
ously. There is a possibility that complicated (penetrating or

stricturing) diseases are prone to have infections or abscess
formation, which increase energy expenditure. The different
REE during disease flare-up with colonic versus ileocolonic or
ileal disease may reflect the burden of inflammation. Severe
colonic disease is usually pancolitis (5/8 in the cohort) and
therefore represents a large burden of inflammation compared
with that of segmental ileal or ileocolonic disease.

Body composition was assessed by BIA in the current study.
The use of BIA in malnourished patients with CD has been
validated, and its accuracy is comparable to dual-energy X-ray
absorptiometry.'® The present data revealed that CD patients in
remission had a better nutrition outcome than those with active
disease. This is consistent with a previous cross-sectional study
by Rocha et al,'” which showed a higher percentage of malnu-
trition (BMI <18.5 kg/m”) in active CD versus remission.
Vadan et al'® also found that in patients with moderate to severe
CD treated with IFX, clinical remission was the principle fac-
tor with weight gain. In the present study, there was no associa-
tion between disease location or behavior and PFM or PSMM,
which was in contrast with the results of Capristo et al."” In
another population-based study, Jahnsen et al*” found that dis-
ease location did not have a significant effect on body compo-
sition variables.

There were limitations to the current study. First, there was
no healthy population as a control group. Although it is
believed that adults with CD have higher REE than the general
population,”’ a recent study by Filippi et al** showed that adults
with CD in remission had similar REE/FFM to healthy con-
trols. Second, remission was induced by various therapeutic
approaches, such as EN,? prednisolone, IFX," or surgery,10
which might have a different impact on REE and body compo-
sition. However, the strength of the current study was that it
was the first to examine dynamically the change of metabolism
and body composition in different disease states of adult CD.
Third, a conundrum was that only BMI but no individual com-
ponents of body composition increased significantly during
remission. Both FFM and FM had a trend of increase during
remission; thus, their cumulative effect might explain the sta-
tistically significant increase in BMI.

In summary, the present study demonstrated that active
adult CD was associated with an 8.3% increase in REE com-
pared with inactive CD, and the increase was more prominent
in complicated (stricturing or penetrating) and colonic CD.
Body composition was also affected by disease activity, and
patients in remission had a higher BMI than those with active
disease.
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