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Abstract
AIM: To investigate the impact of enteral nutrition (EN) 
on the body composition and metabolism in patients 

with Crohn’s disease (CD). 

METHODS: Sixty-one patients diagnosed with CD were 
enrolled in this study. They were given only EN (enteral 
nutritional suspension, TPF, non-elemental diet) support 
for 4 wk, without any treatment with corticosteroids, 
immunosuppressive drugs, infliximab or by surgical 
operation. Body composition statistics such as weight, 
body mass index, skeletal muscle mass (SMM), fat 
mass, protein mass and inflammation indexes such as 
C-reactive protein (CRP), erythrocyte sedimentation 
rate (ESR) and CD activity index (CDAI) were recorded 
before and after EN support. 

RESULTS: The 61 patients were divided into three 
groups according to CDAI before and after EN support: 
A (active phase into remission via  EN, n  = 21), B 
(remained in active phase before and after EN, n  = 
19) and C (in remission before and after EN, n  = 21). 
Patients in group A had a significant increase in SMM 
(22.11 ± 4.77 kg vs  23.23 ± 4.49 kg, P  = 0.044), 
protein mass (8.01 ± 1.57 kg vs  8.44 ± 1.45 kg, P  = 
0.019) and decrease in resting energy expenditure 
(REE) per kilogram (27.42 ± 5.01 kcal/kg per day vs  
22.62 ± 5.45 kcal/kg per day, P  < 0.05). There was no 
significant difference between predicted and measured 
REE in active CD patients according to the Harris-
Benedict equation. There was no linear correlation 
between the measured REE and CRP, ESR or CDAI in 
active CD patients. 

CONCLUSION: EN could decrease the hypermetabolism 
in active CD patients by reducing the inflammatory 
response. 
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capable of increasing REE above what would be 
expected[17]. The exact relationship between body 
composition, metabolism and disease activity in 
CD patients requires well-designed trials in large 
cohorts of patients. The impact of EN support on 
body composition and REE in CD patients is poorly 
understood in the therapeutic course.

MATERIALS AND METHODS
The study protocol was approved by the Ethics Com
mittee of Jinling Hospital, and informed consent was 
given to each patient.

Study design
This study was aimed at finding out the impact of EN 
on body composition and metabolism in CD patients.

This was a prospective, single-center study un
dertaken at the Jinling Hospital.

Patients
Inclusion criteria for patients were (1) age between 
18 and 60 years; (2) endoscopic and histological 
diagnosis of CD; (3) no operations over the past six 
months; (4) can tolerate total EN; (5) no systemic 
diseases that greatly influence metabolism, such 
as diabetes mellitus and hyperthyroidism; (6) 
nutritional deficiencies; or (7) no severe symptoms 
(such as acute strangulated intestinal obstruction). 
Exclusion criteria were (1) cannot tolerate EN or 
malabsorption syndrome; (2) medication use such 
as corticosteroids; and (3) surgery. Sixty-one 
consecutive patients (43 males and 18 females; 
mean age, 33.4 years) who met the criteria were 
included. 

Treatment
All of the patients included were fasted and given 
only EN (enteral nutritional suspension, TPF, non-
elemental diet) support for 4 wk, without any tr
eatment with corticosteroids, immunosuppressive 
drugs, infliximab or by surgical operation. The 
patients were naso-gastrically fed TPF, a type of 
intact-protein nutrition (bottled preparations, net 
content of one 500 mL bottle: 20 g of protein, 
19.5 g of fat, 61.5 g of carbohydrates; 1 mL of TPF 
provides 1 kcal of energy) as for the quantity of 
daily enteral formula designed by the measured REE 
before EN support calculated by indirect calorimetry. 
An appropriate amount of exercise was also required 
for the patients.

Assessment
The clinical disease activity was determined as 
CD activity index (CDAI). The active phase was 
defined as CDAI ≥ 150 and remission as CDAI 
< 150. The included patients were divided into 
three groups according to CDAI before and after 
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Core tip: Unlike traditional research that uses normal 
volunteers or ulcerative colitis patients as the control 
group, this study aimed to observe the same patient 
in different phases of Crohn’s disease (CD), and in this 
study, several confounding factors, such as height, 
age, gender and race, were removed. This study 
showed that enteral nutrition could decrease the 
hypermetabolism in active CD patients by reducing the 
inflammatory response.
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INTRODUCTION
Crohn’s disease (CD) is a chronic relapsing-remitting 
inflammatory bowel disease (IBD) of unknown 
etiology[1]. Nutritional deficits are very common in 
IBD, particularly in CD, which are attributed to many 
reasons including anorexia, active inflammation, 
and increased intestinal nutrient losses. Some 
researchers have indicated that approximately 
65% to 75% of CD patients are malnourished[2]. 
Therefore, nutritional support can be important to 
medical therapy in the management of CD[3]. In 
Western countries, the role of enteral nutrition (EN) 
in CD is controversial[4,5]; however, many studies in 
Japan have shown that EN was effective not only in 
maintaining remission but also in inducing remission 
of CD. EN can also decrease the hospitalization 
rate in patients with CD[6]. In Japan, EN has been 
advocated as the primary therapy for both active 
and quiescent CD in accord with the guidelines of 
the Japan Ministry of Health, Labor and Welfare[7-10].

Many studies have found that the disease activity 
has a close relationship with body composition in CD 
patients. However, so far, no researchers can have 
definitively described the relationship between them. 
Some researchers have proposed that CD patients 
in active phase had significant deficits in lean mass 
but preserved fat mass compared with patients in 
remission[11-13]. However, others shown that fat mass 
decreased in active phase, to the same extent as 
muscle mass[14]. 

Resting energy expenditure (REE) was also close
ly related to disease activity. Nevertheless, some 
studies that investigated REE in CD have suggested 
that energy expenditure is raised, particularly in 
the active phase[15,16], while others have suggested 
that REE is unchanged. The inflammatory process 
associated with the active disease is more than 



EN support; group A (active phase in remission via 
EN, n = 21), group B (remained in active phase 
before and after EN, n = 19) and group C (in re
mission before and after EN, n = 21). The data 
collected before and after EN support were the blood 
inflammation indexes [hs-C-reactive protein (CRP), 
erythrocyte sedimentation rate (ESR) and CDAI], 
the body composition [weight, body mass index 
(BMI), skeletal muscle mass, fat mass and protein 
mass] and REE measured by professional and 
technical personnel using indirect calorimetry. The 
measurement of REE requires adherence to strict 
conditions including environmental temperature, 
fasting, reclining supine for a 30-min period (in our 
study), and rest to obtain repeatable values (the 
temperature difference before and after EN was less 
than 0.3 ℃, excluding the impact of temperature on 
the REE). Predicted REE was commonly calculated 
using the Harris-Benedict equation (variables: age, 
weight, height and gender), the Schofield equation 
(variables: age, weight and gender) or just from 
previous experimental data (some Chinese studies 
have declared that 25 kcal/kg per day can be used 
to conveniently evaluate the REE of Chinese people). 
The correlations between REE and inflammation 
markers were also evaluated by linear analysis.

Statistical analysis
The data gathered were analyzed using SPSS 19.0. 
Statistical analysis between groups was performed 
using paired-samples t-test and independent-
samples t-test, and linear analysis was used to 
evaluate the relations between REE and markers of 
inflammation markers. Significance was set at P < 
0.05.

RESULTS
This was a prospective study. In total 61 patients 
were evaluated in our cohort. The majority of the 

patients were men (43 out of 61, mean age 36.5 ± 
12.5 years) and women accounted for the rest (mean 
age 42.3 ± 14.2 years). Among all of the patients in 
our cohort, 23 had ileal CD, 17 had ileo-colonic and 
21 colonic. The 61 patients were divided into the 
following three groups according to the efficiency of 
EN support for 4 wk: A (active phase into remission 
via EN, n = 21), B (remained in the active phase via 
EN, n = 19) and C (in remission before and after EN, 
n = 21). Table 1 shows that the ileal involvement 
distribution and duration of the disease among the 
three groups showed no statistical difference (P > 
0.05).

Body composition 
Body composition data in each group before and 
after EN support are shown in Table 2. The BMI of 
all of the enrolled patients increased significantly 
(P = 0.017). In group A, the protein mass (P = 
0.019) and skeletal muscle mass (P = 0.044) had 
a statistical increase after EN support that was not 
observed for fat mass (P = 0.263). The minerals of 
patients among three groups remained the same 
before and after EN (P > 0.05), while the level 
of 25(OH)D3 of patients in groups A and B had a 
significant increase (P < 0.05). Nevertheless, as 
indicated, no significant differences were found 
between the body composition before and after EN 
support in either group B or C (P > 0.05).

Markers of inflammation 
In our cohort, the rate of EN induced remission 
of CD was 52.5% (group A/group A + B, 21/40). 
The objective of the study was to assess the 
inflammation indexes of patients in active phase 
before EN support (groups A and B). When the 
active groups, groups A and B, were analyzed, 
significant differences were consistently observed 
in CRP (P < 0.05), ESR (P < 0.05) and CDAI (P < 
0.05) after EN support for 4 wk compared to the 
level before EN support, all of which are explicitly 
demonstrated in Table 3.

Energy metabolism 
As shown in Figure 1, REE per kilogram in group 
A had a significant decrease via EN support (P = 
0.025), different from groups B and C (P = 0.091 
and 0.309, respectively). 

The results showed that the experimental 25 cal/
kg would undoubtedly underestimate the REE of CD 
patients (Figure 2A; P = 0.025), but there were no 
significant differences between the actual REE and 
predicted REE using the Harris-Benedict equation (P 
= 0.888) (Figure 2B). In addition, no positive linear 
correlation between REE (baseline values) and CRP 
(r = -0.511, P = 0.21), ESR (r = -0.395, P = 0.085) 
or CDAI (r = 0.185, P = 0.435) was found, as we 
expected. 
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Table 1  General information of patients among the three 
groups

Group A 
(n  = 21)

Group B 
(n  = 19)

Group C 
(n  = 21)

P  value

Male (n) 15 12 16
Female (n)   6   7   5 0.83
Age (yr)   40.3 ± 12.6   39.6 ± 11.7   40.6 ± 14.0 0.97
BMI (kg/m2) 16.68 ± 2.21 17.96 ± 3.37 17.74 ± 2.90 0.31
CD type (n)
Ileal 8 6 9
Ileo-colonic 5 6 6
Colonic 8 7 6 0.88
Duration (yr) 2.41 ± 1.01 2.28 ± 1.22 2.33 ± 1.25 0.94

P-values were calculated by χ 2 test or one-way analysis of variance. Group 
A: Active phase in remission via enteral nutrition (EN); group B: Remained 
in active phase before and after EN; group C: In remission before and after 
EN. BMI: Body mass index; CD: Crohn’s disease.
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increase of organ mass which is more metabolically 
active than skeletal muscle[15,16]. 

Studies have shown that the measured REE in CD 
patients is significantly higher than that of healthy 
controls[17], though no linear correlation between 
the measured REE and CRP, ESR or CDAI has been 
observed. Predicting the REE with the experimental 
25 cal/kg would underestimate REE of CD patients, 
which is shown in Figure 2A. No significant difference 
between the actual REE and REE predicted using 
the Harris-Benedict equation was found. The Harris-
Benedict equation was suitable for patients in 
Western countries. Chinese studies have shown that 
predicting the REE by the Harris-Benedict equation 
was usually 20% to 30% higher than the measured 
REE in normal people. Therefore, the REE in active 
CD patients was much higher than that in normal 
people, as proved by many previous studies[18]. 
The REE predicted by the Harris-Benedict equation 
was roughly the same as the measured REE of 
active CD patients in this study with a restricted 
number of patients. The opinion that the REE 
likely decreases with increasing disease activity 
has been recently proposed[16]. Some studies have 
suggested that the increased REE in CD patients 
is related to the increased lean tissue instead of 
the hypermetabolism in CD patients[19,20]. However, 
this study demonstrated that for the same patient 
REE in the active phase of CD was significantly 
elevated compared with the REE in remission with 
an increase of lean tissue. The result proves that the 
state of hypermetabolism actually exists in active 

DISCUSSION
Some researchers have proposed that CD patients 
in the active phase have significant deficits in lean 
mass but preserved fat mass compared with patients 
in remission[11-13]. However, others believe that fat 
mass decreases in the active phase, along with 
muscle mass[14]. EN can improve the BMI, skeletal 
muscle and protein mass in active CD patients while 
inducing CD remission, most likely by correcting 
the state of negative nitrogen balance, increasing 
the storage and decreasing the expenditure of the 
muscle and protein mass. Increased REE further 
increases REE, most likely in response to the 
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Table 2  Comparison of body composition of patients with Crohn’s disease before and after enteral nutrition support for 4 wk (mean 
± SD)

Index Group A (n  = 21) Group B (n  = 19) Group C (n  = 21)

Before EN After EN P value Before EN After EN P value Before EN After EN P value

BMI (kg/m2) 16.68 ± 2.61 17.31 ± 2.55 0.013 17.96 ± 3.37 18.06 ± 2.61 0.92 17.74 ± 2.90 18.11 ± 2.76 0.67
SMM (kg) 22.11 ± 4.77 23.23 ± 4.49 0.044 21.62 ± 4.15 21.79 ± 4.36 0.90 22.29 ± 5.84 23.38 ± 4.52 0.50
Fat mass (kg)   4.80 ± 4.31   4.14 ± 3.35 0.260   8.53 ± 3.81   9.64 ± 3.92 0.38   8.06 ± 1.92   8.14 ± 1.75 0.89
Protein (kg)   8.01 ± 1.57   8.44 ± 1.45 0.019   7.87 ± 1.35   7.85 ± 1.47 0.96   7.21 ± 4.72   8.34 ± 4.66 0.44
Minerals(kg)   3.56 ± 2.12   3.61 ± 1.98 0.860   3.39 ± 2.50   3.31 ± 2.01 0.79   3.43 ± 3.10   3.49 ± 2.44 0.65
25(OH)D3 (ng/mL) 10.8 ± 4.8 12.3 ± 4.1 0.014 10.6 ± 3.9 12.0 ± 4.2 0.02 11.7 ± 4.3 12.2 ± 5.0 0.10

P-values were calculated by paired-samples t test. Group A: Active phase in remission via enteral nutrition (EN); group B: Remained in active phase before 
and after EN; group C: In remission before and after EN. BMI: Body mass index; SMM: Skeletal muscle mass.

Table 3  Comparison of inflammation indexes of patients with Crohn’s disease in active phase (groups A and B) before and after 
enteral nutrition support for 4 wk (mean ± SD)

Index Group A (n  = 21) Group B (n  = 19) Active groups (A + B, n  = 40)

Before EN After EN P value Before EN After EN P value Before EN After EN P value

CRP (mg/L)   27.17 ± 31.60   10.37 ± 14.42 0.019   28.75 ± 16.29   16.30 ± 14.70 0.031   28.09 ± 31.21   10.00 ± 14.56 0.024
ESR (mm/h)   29.14 ± 15.12   16.25 ± 12.41 0.020   27.96 ± 16.88   20.12 ± 14.01 0.042   28.65 ± 17.35   18.30 ± 18.73 0.030
CDAI 239.21 ± 52.60 126.10 ± 33.21 0.013 226.18 ± 60.24 188.02 ± 49.33 0.045 230.93 ± 61.69 174.32 ± 68.52 0.044

P-values were calculated by paired-samples t test. CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; CDAI: Crohn’s disease activity index; EN: 
Enteral nutrition.
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Figure 1  Difference of the measured resting energy expenditure before 
and after enteral nutrition support in each group. Metabolism was measured 
by resting energy expenditure (REE) per kilogram. P-values were calculated by 
paired-samples t-test. EN: Enteral nutrition.
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CD patients. Increased REE with unmatched dietary 
intake is amongst the many proposed mechanisms 
for the poor nutritional status of patients with CD. 
During nutritional therapy for CD patients, the REE 
variation with disease activity should be a primary 
consideration, but whether they had the accurate 
correlation still confused researchers. Some studies 
have examined the effect of disease activity on 
children with CD and have shown either no change 
in REE with disease activity[16,21,22] or increased REE 
at times of active disease[23].

Routine energy supplements for patients with 
active CD cannot be justified on the basis of predicted 
REE or just by experience. Individual management 
plans are essential and emphasis should be placed 
on the assessment of total energy needs (including 
the hypermetabolism and activity level) and titrating 
intake against weight gain to optimize energy 
balance and thereby promote body composition[24,25]. 
The IBD study group of the Japanese Ministry of 
Health, Labor and Welfare recommended that the 
total energy of TPN or EN should be 40-45 kcal/body 
weight/d in active CD patients. In contrast, European 
guidelines recommend that 25-30 kcal/body weight/d 
is optimal for active CD[26,27]. The energy metabolism 
status of active CD patients varied while they took 
EN in the remission induction therapy. Therefore, 

timing detection of the REE is recommended to ap
propriately assess the nutritional requirements of CD 
patients.
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