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tion therapy in patients with severe or moderate ulcerative colitis.

Thirteen patients (10 men, 3 women; mean age, 36.5 years) with

ulcerative colitis admitted to the Shiga University Hospital were

enrolled in this study. We measured the resting energy expenditure

and respiratory quotients of these patients before and after

induction therapy with indirect calorimetry. We analyzed the

changes of nutritional status and serum inflammatory cytokine

levels and also evaluated the relationship between energy

metabolism and disease activity by using the Seo index and

Lichtiger index. The resting energy expenditure was 26.3 ± 3.8

kcal/kg/day in the active stage and significantly decreased to

23.5 ± 2.4 kcal/kg/day after induction therapy (p<0.01). The resting

energy expenditure changed in parallel with the disease activity

index and C�reactive protein and inflammatory cytokine levels.

The respiratory quotient significantly increased after induction

therapy. Thus, moderate to severe ulcerative colitis patients had

a hyper�metabolic status, and the energy metabolism of these

patients significantly changed after induction therapy. Therefore,

we recommend that nutritional management with 30–34 kcal/kg/day

(calculated as measured resting energy expenditure × activity factor,

1.3) may be optimal for hospitalized ulcerative colitis patients.
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IntroductionUlcerative colitis (UC) is a chronic inflammatory disease of the
digestive tract of unknown etiology.(1,2) The pathogenesis of

UC is not yet fully understood, but genetic and environmental
factors, including intestinal microflora, are considered important.
Clinical symptoms of UC are bloody diarrhea, frequent defeca-
tion, and abdominal pain. In addition, general symptoms, such as
fever or body weight loss, are often found in moderate or severe
UC. Furthermore, patients with UC also have various nutritional
deficiencies or metabolic disturbances. Protein-energy malnutri-
tion (characterized by weight loss or hypoalbuminemia) is
observed in patients with moderate or severe UC. It has been
generally accepted that the prevalence of nutritional deficiencies
or metabolic disturbances is lower in UC patients than in patients
with Crohn disease (CD).(3,4) However, Mijac et al.(5) recently
reported that there were no significant differences in nutritional
parameters, such as the body mass index and serum protein levels,
between active CD and active UC.

Nutritional support is essential for severe or moderate UC
patients. Parenteral nutrition (PN) is integral for the management
for UC patients, and evaluation of energy expenditure is critical

in planning optimal nutritional therapy for UC patients as well as
CD patients.(6) There are some reports that the energy metabolism
of CD patients changes to a hyper-metabolic status.(7–12) However,
there are only a few reports about energy metabolism in adult
UC patients.(13,14) We previously examined the measured resting
energy expenditure (mREE) and respiratory quotient (RQ) of
patients with moderate to severe UC with indirect calorimetry (IC)
and showed that hospitalized UC patients had a hyper-metabolic
status.(15)

Recently, we evaluated the changes in the energy metabolism of
CD patients receiving anti-tumor necrosis factor (TNF)-α therapy
and showed that anti-TNF-α therapy significantly increased the
RQ but did not affect the mREE.(16) These results suggested that
the principal metabolic substrate might shift from fat to carbohy-
drate oxidation after anti-TNF-α therapy. However, there are no
reports about metabolic changes due to medical treatment in UC
patients. In this study, we examined changes in energy metabo-
lism, nutritional status, and serum cytokine levels in severe or
moderate UC patients after induction therapy.

Subjects and Methods

Patients. Thirteen UC patients with moderate or severe
clinical activity (10 men and 3 women; mean age, 36.5 ± 16.2
years) admitted to the Hospital at the Shiga University of Medical
Science were enrolled in this study.(17,18) The diagnosis of UC
was determined according to the endoscopic, histological, and
clinical criteria. The ethics committee of the Shiga University of
Medical Science approved this study. All patients provided
written informed consent.

Indirect calorimetry. The mREE and RQ were measured via
computed open-circuit IC (AE-300S, Minato Medical Science
Co., Osaka, Japan).(12,15,16,19,20) IC was performed in the hospital
room after 8 h of fasting. However, the infusion of PN was main-
tained in the UC patients. Period flow and gas calibration were
performed prior to all measurements. After resting for 30 min, the
patients were assessed in a supine position by using a facemask. A
pump drew ambient air through a facemask at a constant rate.
After equilibrium was reached for 10 min, respiratory exchange
was performed continuously over 30 min. mREE and RQ data
were obtained every minute.

The mREE was calculated from the oxygen consumption
(VO2) and carbon dioxide production (VCO2) by using the Weir
equation:(21) mREE = (3.94 × VO2 + 1.11 × VCO2) × 1.44. The RQ
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measurement was calculated as RQ = VCO2/VO2. mREE was then
compared with the predicted resting energy expenditure (pREE)
calculated by using the Harris-Benedict equation, as follows:(22)

Men; pREE = 66.47 + 13.75 × W [weight (kg)] + 5.0 × H
[height (cm)] – 6.75 × A [age (yeas)]

Women; pREE = 665.09 + 9.56 × W + 1.84 × H – 4.67 × A
Activity index. The activity index was calculated with the

Seo index and Lichtiger index.(17,18) We assessed each patient’s
index every week and examined the relationship between disease
activity and the mREE or the RQ.

Laboratory tests. We measured the following items every
week; red blood cell count (×104/mm3), hemoglobin level (g/dl),
hematocrit (%), white blood cell count (/mm3), peripheral lympho-
cyte count (/mm3), platelet count (×103/mm3), albumin level (g/dl),
total protein content (g/dl), total cholesterol level (mg/dl), and C-
reactive protein level (CRP; mg/dl). Changes in these parameters
were assessed after induction therapy. TNF-α (pg/dl) and inter-
leukin (IL)-6 (pg/dl) were assessed before and after induction
therapy.

Statistical analyses. Paired t tests were used to analyze
differences pre- and post-treatment. Correlations were investi-
gated with the Spearman rank correlation tests. Values are
expressed as mean and standard deviation; a p value of <0.05 was
considered statistically significant.

Results

Patient characteristics are shown in Table 1. Among the 13
patients, 7 had total colitis and 6 had left-sided colitis. Predniso-
lone (20–60 mg/day) was administered to all patients. Cyclosporine
or taclorimus therapy was initiated in 5 patients, and TNF-α
therapy was initiated in 2 patients. In 4 patients, leukocytapheresis
therapy was initiated. All patients received PN.

A Lichtiger index ≥11 (severe) was measured in 8 patients
(62%), and the mean Lichtiger index before treatment was
12.1 ± 2.5. After treatment, all patients’ scores were less than 11
(mild/moderate), and the mean index score was 3.8 ± 2.4
(Fig. 1A). A Seo index score ≥220 (severe) was measured in 9
patients (69%), and the mean index score before treatment was
229.8 ± 29.1. After treatment, all patients’ scores were <220
(mild/moderate), and the mean score was 139.2 ± 23.1 (Fig. 1B).

As shown in Table 2, CRP level significantly decreased after
treatment. Serum TNF-α levels decreased from 2.4 ± 0.8 to 1.8 ±

0.6 pg/dl (p = 0.083), and serum IL-6 levels decreased from
20.0 ± 14.3 to 9.1 ± 5.4 pg/dl (p = 0.079). Serum albumin levels

were less than 3.5 g/dl in all patients before treatment, with a mean
serum albumin concentration of 2.5 ± 0.4 g/dl. After treatment,
serum albumin levels were ≥3.5 g/dl in 4 patients, and the mean
serum albumin level was 3.1 ± 0.4 g/dl. Serum albumin levels
significantly increased after treatment (p<0.01). Conversely, the
mean BMI significantly decreased from 20.0 ± 3.0 to 19.2 ± 2.9
kg/m2 after treatment (p<0.05).

The mean mREE (kcal/day) of UC patients significantly
decreased after treatment (Table 2). The mREE per kilogram
of body weight (BW) of UC patients was 26.3 ± 3.8 kcal/kg/day
in the active stage and significantly decreased to 23.5 ± 2.4 kcal/
kg/day after induction therapy (p<0.01) (Fig. 2A). The mean
mREE/pREE ratio, which is considered a patient’s stress factor,
significantly decreased from 1.0 ± 0.1 to 0.9 ± 0.1 after treatment
(p<0.01) (Fig. 2B). On the other hand, the mean RQ significantly
increased from 0.78 to 0.87 after induction therapy (p<0.05)
(Fig. 3). As shown in Fig. 4, there were significant positive corre-
lations between the clinical activity indices (Seo index and
Lichtiger index) and the mREE/BW ratio (p<0.01 and p<0.05,
respectively).

Fig. 1. Mean Seo index and Lichtiger index in patients with ulcerative colitis before and after treatment. Both of these index significantly
decreased after treatment.

Table 1. Characteristics of ulcerative colitis patients

Values are expressed as mean ± SD. UC, ulcerative colitis; TPN, total
parenteral nutrition; PPN, peripheral parenteral nutrition.

Patients number (men/women) 13 (10/3)

Age (years) 36.5 ± 16.2

Height (cm) 167.2 ± 8.6

Body weight (kg) 56.3 ± 12.4

Type of UC

Total colitis type 7

Left�sided colitis type 6

Treatments

Anti�TNF�α antibodies 2

Cyclosporine/Taclorimus 5

Prednisolone 13

Nutritional therapy

TPN 10

PPN 3

Hospital days (days) 29.2 ± 11.5
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Discussion

To our knowledge, this is the first report from a prospective
longitudinal study of energy metabolism in patients with moderate
to severe UC. Previously, Wiskin et al.(23) reported that there was
no significant relationship between mREE and disease activity in
children with CD. Recently, Gong et al.(24) reported a similar result
in adult CD patients. We previously reported that anti-TNF-α
therapy did not affect mREE but significantly increased the RQ in
adult CD patients.(16) However, the relationship between energy

expenditure and disease activity in adult UC patients remains
unclear, although we previously reported a significant correlation
between mREE and the Lichtiger index.(15)

The energy metabolism of CD patients has been reported to be
hyper-metabolic.(7–12) However, there are few reports about energy
metabolism in adult UC patients.(13,14) Previously, we reported that
the mREE of Japanese UC patients was significantly higher than
that of healthy controls by using indirect calorimetry.(15) In the
present study, we further demonstrated that mREE significantly
decreased after induction therapy, and we showed that there were

Table 2. Body weight, laboratory tests, inflammatory cytokines, and energy metabolism in patients with
ulcerative colitis before and after induction therapy

Values are expressed as mean ± SD. BMI, body mass index; %IBW, % ideal body weight; RBC, red blood cell
count; Hb, hemoglobin; Ht, hematocrit; WBC, white blood cell count; TLC, total lymphocyte count; Plt,
platelets; Alb, albumin; TP, total protein; T�Chol, total cholesterol; CRP, C�reactive protein; TNF�α, tumor
necrosis factor α; IL�6, interleukin�6; mREE, measured resting energy expenditure; RQ, respiratory quotient.

Pre� Post� p

Body weight

BMI (kg/m2) 20.0 ± 3.0 19.2 ± 2.9 0.01

%IBW (%) 90.7 ± 13.4 87.1 ± 13.0 0.01

Laboratory test

RBC (×106/mm3) 3.92 ± 0.70 3.86 ± 0.44 0.743

Hb (g/dl) 11.1 ± 2.4 11.2 ± 1.4 0.864

Ht (%) 33.2 ± 5.8 34.5 ± 3.1 0.342

WBC (×103/mm3) 10.5 ± 2.9 8.4 ± 2.4 0.033

TLC (/mm3) 1,341 ± 512 1,587 ± 691 0.271

Plt (×103/mm3) 362 ± 158 314 ± 101 0.134

Alb (g/dl) 2.5 ± 0.4 3.1 ± 0.4 0

TP (g/dl) 6.1 ± 0.8 6.0 ± 0.7 0.726

T�Chol (mg/dl) 126 ± 25 192 ± 45 0.048

CRP (mg/dl) 6.06 ± 5.63 0.25 ± 0.33 0.003

Inflammatoy cytoknes

TNF�α (pg/dl) 2.4 ± 0.8 1.8 ± 0.6 0.083

IL�6 (pg/dl) 20 ± 14.3 9.1 ± 5.4 0.079

Energy metabolism

mREE (kcal/day) 1,459.3 ± 266.3 1,265.0 ± 285.4 0.001

RQ 0.78 ± 0.10 0.87 ± 0.14 0.041

Fig. 2. Mean measured resting energy expenditure/body weight (mREE/BW) (A) and mREE/predicted resting energy expenditure (mREE/pREE) (B)
in patients with ulcerative colitis before and after treatment. Values represent mean ± SD.
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significant correlations between the mREE and disease activity
scores, such as the Lichtiger index or the Seo index. Therefore,
we believe that disease activity must affect the energy expenditure
in adult UC patients.

Furthermore, we confirmed that the mean RQ significantly
increased after treatment. Fat oxidation significantly decreased
from 18.6 to 11.1 kcal/kg/day (p<0.05), and carbohydrate oxida-
tion increased from 6.6 to 13.1 kcal/kg/day (p = 0.095). We
already reported that similar RQ changes were observed in
hospitalized CD patients.(16) This treatment-related increase in the
RQ levels can be explained by a change in substrate oxidation
from fat to glucose after intensive treatment. An improvement in
inflammation may affect energy metabolism in active UC patients.

Recently, Fonseca-Camarillo et al.(25) reported that the gene
expression of IL-6 and TNF-α increased in active UC. We have
also reported that IL-6 is associated with energy metabolism in CD
patients.(16) In patients with surgical trauma, Kotani et al.(26) found
a significant correlation between mREE/pREE and IL-6. In the

present study, we demonstrated that IL-6 and TNF-α significantly
decreased in UC patients after induction therapy and serum levels
of pro-inflammatory cytokines changed in parallel with mREE.
Furthermore, we observed that serum IL-6 and TNF-α levels
changed inversely with the RQ in UC patients. Thus, we demon-
strated that pro-inflammatory cytokines, such as IL-6 and TNF-α,
play an important role in the energy metabolism of UC patients.

In our study, mean BMI significantly decreased from 20.0 kg/m2

to 19.2 kg/m2 after treatment, whereas serum albumin levels
significantly increased. This paradoxical change of these nutri-
tional parameters might be explained by lower energy intake via
PN than adequate energy dosage. From our results, the mean
mREE/BW was 26.3 ± 3.8 kcal/kg/day in severe or moderate UC
patients, and it significantly decreased to 23.5 ± 2.4 kcal/kg/day
after treatment. Our results suggest that the ideal optimal amount
of energy calculated as mREE × activity factor for severe or
moderate hospitalized UC patients is approximately 34 kcal/ideal
BW/day and for UC of remittion stage is about 30 kcal/ideal BW/
day. However, energy intake from PN was 1,401–1,774 kcal/day
in this study, and this was only 86.8% of our recommended energy
dosage. An improvement in inflammation reduced protein loss
from the intestines and induced protein synthesis. Consequently,
serum albumin levels might increase after induction therapy.

In conclusion, energy metabolism significantly changed after
induction therapy in moderate or severe UC patients. We suggest
that it is important to determine the daily energy requirements
according to disease activity for active UC patients. From our
results, the recommended daily energy requirement for Japanese
patients with moderate to severe UC is 34 kcal/ideal BW/day;
therefore, 30 kcal/ideal BW/day is recommended for UC patients
after induction therapy.
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Fig. 3. Mean respiratory quotient (RQ) in patients with ulcerative
colitis before and after treatment. The RQ significantly increased after
treatment. Values are expressed as mean ± SD.

Fig. 4. Correlation between the measured resting energy expenditure (mREE) and disease activity indices. (A) There are significant positive corre�
lations between the mREE and Seo index. The Seo index measured before (open circles) and after (closed circles) treatment. (B) There are significant
positive correlations between the mREE and Lichtiger index. The Lichtiger index measured before (open circles) and after (closed circles) treatment.
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