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ABSTRACT
Background and Objectives: Malnutrition is commonly diagnosed in patients with
inflammatory bowel disease (IBD). However, only few clinical studies have adequately
explored the importance of body composition in the nutritional assessment of Chinese patients
with IBD. Methods and Study Design: A total of 78 IBD patients were enrolled, and PatientGenerated Subjective Global Assessment (PG-SGA) was used to assess malnutrition.
Bioelectrical impedance analysis was used to analyze the body composition of IBD patients
and their fat free mass indexes (FFMI) were also calculated. FFMI values <17 kg/m2 in men
and <15 kg/m2 in women were considered low. Food consumption data were collected using
the semi-quantitative food frequency questionnaire. Results: Of the 78 patients, 49 (62.8%)
had low-FFMI. Among the patients with PG-SGA <4, 12 (41.4%) had altered body
composition with low-FFMI. FFMI negatively correlated with the PG-SGA scores and
disease activity. No statistically significant differences in fat free mass (FFM) and skeletal
muscle mass were observed between patients in the active phase and patients in remission
(p>0.05). However, the fat mass and visceral fat area of patients in remission were higher than
those of patients in the active phase (p<0.05). The average energy derived from fat, proteins
and carbohydrates was 29.59±8.45%, 10.40±1.97% and 60.26±9.33%, respectively.
Conclusions: Our study shows that 41.4% of IBD patients had altered body composition
despite being well-nourished according to the PG-SGA. Patients in the remission phase
presented with fat accumulation and their FFM remained low. The dietary pattern was not
adequate among the IBD patients, especially regarding protein intake.
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INTRODUCTION
Introduction
Inflammatory bowel disease (IBD), which collectively refers to Crohn’s disease (CD) and
ulcerative colitis (UC), is a chronic, relapsing intestinal inflammatory disorder of unidentified
causes. IBD has long been thought to have a genetic basis and likely involves a response of
the immune system to certain environmental agents.1,2 The highest prevalence of IBD is
reported in North America and Europe, affecting up to 3.5 million individuals.3 In China, a
recent meta-analysis showed that the summary incidence rate of IBD is 1.74 (95% CI: 1.08;
2.40) per 100,000 persons/year.4
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Malnutrition is common in patients with IBD and negatively influences the outcome of the
disease. Irregular eating, increased intestinal protein loss, frequent diarrhea and nutrient
malabsorption contribute to malnutrition in IBD patients. A recent systematic review reported
that the prevalence of malnutrition was 65–75% in patients with CD, and 18-62% in those
with UC.5 Data of the Canadian Nationwide Inpatient Sample database, collected between
1998 and 2004, indicate that the prevalence of malnutrition is higher in IBD patients than in
non-IBD patients.6 However, although a high proportion of examined patients with IBD were
overweight, little is known about the body composition of these patients.
Altered body composition, such as loss of skeletal muscle mass, has been reported in IBD
patients. Schneider et al found that approximately 60% of adult CD patients have decreased
muscle mass, with the long-term decrease resulting in sarcopenia.7 A recent Australian study
indicated that 21% of CD patients had low lean mass.8 A Chinese study found that the
prevalence of sarcopenia was 27.3% in UC patients and 59.0% in CD patients.9 Recent
reviews of existing data on malnutrition in patients with IBD suggest that lean mass loss is
one of the most important components of malnutrition.5 Besides, some studies have reported
that lean mass loss is associated with poor clinical outcome in IBD patients.8-10
Certain tables and nutritional questionnaires were recommended to evaluate the nutritional
state of IBD patients, such as the Malnutrition Universal Screening Tool (MUST), Nutritional
Risk Screening (NRS) and Subjective Global Assessment (SGA). The ESPEN guidelines on
clinical nutrition in IBD recommend that IBD patients should receive nutritional risk
screening or nutritional assessment after diagnosis, and the screening should be, thereafter,
routinized.11

The

Patient-Generated

Subjective

Global

Assessment

(PG-SGA)

is

recommended for the nutritional assessment of IBD patients by the IBD expert group of the
Chinese Society of Gastroenterology.12 However, few studies have reported on the nutritional
assessment of Chinese IBD patients using PG-SGA.
Despite having a normal weight or BMI, a patient can be malnourished if the body fatmuscle ratio is unbalanced. Unfortunately, the currently available nutritional assessment tools,
such as the PG-SGA, NRS-2002, MUST et al., cannot provide accurate information on body
composition. Several methods can be employed to measure the body composition, including
the bioelectrical impedance analysis (BIA), total body water (TBW), dual-energy X-ray
absorptiometry (DEXA), computed tomography (CT), and Total Body Electrical Conductivity
(TOBEC). These methods can distinctly analyze the two major body components: fat mass
and fat free mass (FFM).

4

We compared the different nutritional status and body composition of IBD patients with
either clinical remission or active disease. In addition, the correlation between the fat free
mass index (FFMI) and PG-SGA was explored. Using the proposed method, we also detected
patients whose body composition had changed and should be monitored, which were ignored
when only using PG-SGA. Lastly, we evaluated the dietary intake of these patients. Herein,
we aimed to establish a suitable method for the routine nutritional assessment of Chinese
patients with IBD.

MATERIALS AND METHODS
Study participants
Adult IBD patients treated at the Gastroenterology Clinic, Shanghai Ruijin Hospital, China,
from Jan. 2014 to Apr. 2016, were selected for the study. All patients met the criteria
established by the Inflammatory Bowel Disease Group of the Chinese Society of
Gastroenterology. Relevant information was presented in detail and all patients consented to
participate in this study. The medical history of the patients, with particular focus on related
diseases, was then recorded. The following exclusion criteria were applied: patients with
metabolic diseases (e.g. diabetes, hyperthyroidism), whose related indices were not wellcontrolled after hospitalization; patients with gastrointestinal tumors or tumors at other sites;
patients with impaired water and mineral metabolism, caused by cortical hormone therapy;
patients with metal implants (such as cardiac pacemakers) that could influence the BIA results.
In total, 78 patients were enrolled (63 CD cases and 15 UC cases). The study was approved
by the Research Ethics Committee of Shanghai Rui Jin Hospital. Informed consent forms
were signed by all participants.

Disease phase
According to the Crohn’s Disease Activity Index (CDAI),13,14 CD patients were evaluated
based on symptoms, physical condition and laboratory examinations. Patients with CDAI
≤150 were considered in clinical remission, whereas the active phase was defined as CDAI
>150. UC patients were assessed using the Mayo score.15,16 Patients that scored ≤2 were in the
remission phase, whereas scores >2 indicated active disease. Overall, 40 patients were in the
active phase.
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PG-SGA
The PG-SGA assessment included body weight, dietary intake, symptoms, movement and
body function, relationship between disease and nutritional requirement, metabolism
requirement and physical examination. According to the criteria, a score of 0-1 indicated good
nutritional status, 2-3 meant light malnutrition that needed nutritional education and/or
nutritional intervention, 4-8 was moderate malnutrition that needed nutritional intervention
and ≥9 indicated severe malnutrition that needed symptom improvement and nutritional
therapy. Patients with scores ≥4 were classed as moderate or severe malnutrition, thus those
with scores <4 were enrolled in the low PG-SGA group.12

Anthropometric measurements
After adopting a relaxed standing position, the triceps skinfold thickness was measured 3
times for each patient, using a crease thickness gauge. The values (in mm; degree of precision:
1 mm) were then averaged. The BMI of each patient was compared to the standard for a
Chinese population: normal 18.5-23.9, overweight ≥24, obesity ≥28.17

Body composition analysis
Inbody S10 (Biospace, South Korea) was used to measure the body composition. Prior to the
analysis, patients were fasted for over 2 h, followed by bowel and bladder emptying. While
barefoot, after the height of the patient was input, small finger and the middle finger on both
hands, the inner feet and the lower lateral malleolus were connected with electrodes, using 6
frequencies (1, 5, 50, 250, 500 and 1000 kHz). The distance between the arms and the body
and between the legs was maintained at approximately 30-45 mm. The collected BIA data
included body weight, BMI, body fat mass, FFM, skeletal muscle mass, skeletal lean mass,
total body water, mineral content and body cell mass.

Calculation of fat free mass index
To detect the body composition of the patients, FFMI was calculated according to the
following formula:
FFMI (kg/m2) = FFM (kg) / height2 (m2)
The obtained FFMI values were correlated with malnutrition, by referring to the standard
ESPEN guidelines. FFMI values <17 kg/m2 (in men) and <15 kg/m2 (in women) were
considered low and indicative of a high risk of malnutrition.18,19
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Dietary intake analysis
To assess the usual dietary intake, a semi-quantitative food frequency questionnaire (FFQ)
was used to collect information on individual food consumption during the 3 months prior to
enrollment. This questionnaire included 27 groups of foods and beverages which covered the
majority of foods commonly consumed in China. Three aspects of each item were listed in the
questionnaire, including whether the item was consumed, the usual frequency of consumption
(number of times per day/week/month/year) and the estimated amount of food eaten each
time, expressed using the local unit liang for weight (1 liang = 50 g) or cup for volume (1 cup
= 250 mL).
Nutrients and total energy intake were calculated by multiplying the usual frequency and
portion size of each food item by the nutrient content using the food composition values from
China Food Composition (National Institute of Nutrition and Food Safety, China CDC).

Statistical analysis
SPSS22.0 was used to analyze the data. Measurement data were expressed as mean ± SD, and
enumeration data were expressed as percentage. Independent two-sample t-test was used to
compare the enumeration data, and the Pearson correlation was used to analyze the
measurement data. p<0.05 was considered statistically significant.

RESULTS
Subject characteristics (Figure 1)
As shown in Table 1, a total of 78 patients were enrolled in the study, comprising 44 men and
34 women. Among them, 63 had CD and 15 had UC. The average age was 35.5±12.3, and the
average PG-SGA score was 6.64±5.22. Of the 78 patients, 51 (65.3%) patients with PG-SGA
≥4 had moderate or severe malnutrition, and 49 (62.8%) patients had low-FFMI. Of the
patients with CD, 38 (61.9%) had moderate or severe malnutrition based on PG-SGA and
38.1% patients had low-FFMI.
The average FFMI of CD patients was 15.64±1.90, whereas that of UC patients was
15.29±1.82. The average disease duration, defined as the number of years since diagnosis, of
IBD, CD and UC was 6.48±5.01 kg/m2, 7.03±5.54 kg/m2, and 4.20±2.76 kg/m2, respectively.

Comparison of nutritional status between patients with active disease versus those in
remission (Table 2)
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Of the total number of patients, 72.5% had low-FFMI, and 95% of patients in the active phase
had moderate or severe malnutrition, as assessed by PG-SGA. The average FFMI was
15.18±1.67 kg/m2 in the active phase, significantly lower than that in the remission phase
(15.97±2.06 kg/m2 ; p<0.05).
The fat mass, visceral adipose tissue and triceps skinfold thickness during the remission
phase were higher than in the active phase (p<0.05). However, no statistically significant
differences in skeletal muscle mass, FFM and FFMI were identified between active phase and
remission phase patients (p>0.05).

Consequences of dietary and energy intake
Table 3 summarizes the information obtained from the food recall. The average intakes of
energy (933.08±281.75 kcal/d), protein (24.51±9.75 g/d), fat

(30.75±14.62 g/d),

carbohydrates (123.40±39.66 g/d), calcium (300.69±142.12 mg/d) and iron (9.47±2.81mg/d)
were below the recommended amounts, according to the Dietary Reference Intakes (DRIs).
The average energy derived from fat, proteins and carbohydrates was 29.59±8.45%,
10.40±1.97% and 60.26±9.33%, respectively. Protein contribution on total energy (%) was
relatively lower than that of fat and carbohydrates (just 10%). The intakes of cereal & potato,
meat, total energy and total fat of patients in remission phase were higher than those of
patients in the active phase (p<0.05).

Correlation between nutritional parameters in patients with FFMI (Table 4)
The FFMI score had good positive correlations with BMI, hemoglobin, age, albumin, triceps
skinfold thickness, body cell mas Subject characteristics (Figure 1)
As shown in Table 1, a total of 78 patients were enrolled in the study, comprising 44 men
and 34 women. Among them, 63 had CD and 15 had UC. The average age was 35.5±12.3,
and the average PG-SGA score was 6.64±5.22. Of the 78 patients, 51 (65.3%) patients with
PG-SGA ≥4 had moderate or severe malnutrition, and 49 (62.8%) patients had low-FFMI. Of
the patients with CD, 38 (61.9%) had moderate or severe malnutrition based on PG-SGA and
38.1% patients had low-FFMI.
The average FFMI of CD patients was 15.64±1.90, whereas that of UC patients was
15.29±1.82. The average disease duration, defined as the number of years since diagnosis, of
IBD, CD and UC was 6.48±5.01 kg/m2, 7.03±5.54 kg/m2, and 4.20±2.76 kg/m2, respectively.
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Comparison of nutritional status between patients with active disease versus those in
remission (Table 2)
Of the total number of patients, 72.5% had low-FFMI, and 95% of patients in the active phase
had moderate or severe malnutrition, as assessed by PG-SGA. The average FFMI was
15.18±1.67 kg/m2 in the active phase, significantly lower than that in the remission phase
(15.97±2.06 kg/m2 ; p<0.05).
The fat mass, visceral adipose tissue and triceps skinfold thickness during the remission
phase were higher than in the active phase (p<0.05). However, no statistically significant
differences in skeletal muscle mass, FFM and FFMI were identified between active phase and
remission phase patients (p>0.05).

Consequences of dietary and energy intake
Table 3 summarizes the information obtained from the food recall. The average intakes of
energy (933.08±281.75 kcal/d), protein (24.51±9.75 g/d), fat

(30.75±14.62 g/d),

carbohydrates (123.40±39.66 g/d), calcium (300.69±142.12 mg/d) and iron (9.47±2.81mg/d)
were below the recommended amounts, according to the Dietary Reference Intakes (DRIs).
The average energy derived from fat, proteins and carbohydrates was 29.59±8.45%,
10.40±1.97% and 60.26±9.33%, respectively. Protein contribution on total energy (%) was
relatively lower than that of fat and carbohydrates (just 10%). The intakes of cereal & potato,
meat, total energy and total fat of patients in remission phase were higher than those of
patients in the active phase (p<0.05).

Correlation between nutritional parameters in patients with FFMI (Table 4)
The FFMI score had good positive correlations with BMI, hemoglobin, age, albumin, triceps
skinfold thickness, body cell mass and bone mineral content (p < 0.05. In contrast, the FFMI
score had negative correlations with PG-SGA and ECW/TBW. We also observed a negative
correlation between the disease activity defined by CDAI scores and FFMI (p=0.005).
Moreover, we found a positive correlation between energy, protein, fat, carbohydrate, and
iron intakes and FFMI (p<0.05).

Consistency test between PG-SGA and FFMI (Table 5)
Patients with low-FFMI belong to a high-risk population, with moderate (or above)
malnutrition. The FFMI of the group with PG-SGA ≥4 was lower than of the group with PGSGA <4 (15.14±1.68 vs 16.40±1.99, p=0.004). This was confirmed by the Kappa test, which
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showed consistency between FFMI and PG-SGA, with K=0.267, Χ2=5.97, p=0.026. Table 4
also shows that, of the patients with PG-SGA <4, 12 (44.4%) had altered body composition
with low-FFMI. Furthermore, all 12 patients were in the remission phase, and 11 of them
were CD patients (Figure 2) and bone mineral content (p<0.05). In contrast, the FFMI score
had negative correlations with PG-SGA and ECW/TBW. We also observed a negative
correlation between the disease activity defined by CDAI scores and FFMI (p=0.005).
Moreover, we found a positive correlation between energy, protein, fat, carbohydrate, and
iron intakes and FFMI (p<0.05).

Consistency test between PG-SGA and FFMI (Table 5)
Patients with low-FFMI belong to a high-risk population, with moderate (or above)
malnutrition. The FFMI of the group with PG-SGA ≥4 was lower than of the group with PGSGA <4 (15.14±1.68 vs 16.40±1.99, p=0.004). This was confirmed by the Kappa test, which
showed consistency between FFMI and PG-SGA, with K=0.267, Χ2=5.97, p=0.026. Table 4
also shows that, of the patients with PG-SGA <4, 12 (44.4%) had altered body composition
with low-FFMI. Furthermore, all 12 patients were in the remission phase, and 11 of them
were CD patients (Figure 2).

DISCUSSION
The detailed evaluation of the nutritional status and body composition of patients with IBD is
very important in determining the correct nutritional management and improving the patients’
quality of life. Previously, nutritional assessment tools were mainly based on body weight.
However, these tools could not provide detailed information on body composition. Recent
literature indicates that the loss of FFM and skeletal strength could increase morbidity,
infections and fatigue.20 Unfortunately, despite the increasing prevalence of IBD in China,
few studies have focused on body composition when assessing the nutritional status of these
patients.
The current study found that 51 IBD patients (65.4%) suffered from moderate or severe
malnutrition, which is in agreement with previously described results.5 Thus, malnutrition is
more common among Chinese patients with IBD. No significant differences were noticed in
body composition and nutritional status between UC and CD patients in the active phase or
remission phase by using BIA analysis and PG-SGA (data not shown). Several studies using
DEXA or BIA analysis, showed that the lean mass differed between CD and UC patients.21 22
Moreover, a Chinese IBD study found that skeletal muscle mass was less frequent in UC
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patients than in CD patients.5 However, two studies found no significant differences in body
composition between UC and CD by using BIA analysis.23,24 The different results may be due
to the small number of UC patients in our study. Therefore, additional epidemiological data of
Chinese IBD patients are needed to confirm our findings.
Our study also showed that the nutritional status of patients with active disease was worse
than that of patients with disease remission, particularly regarding the visceral fat area and fat
mass. However, we found no statistically significant differences in skeletal muscle mass and
FFM between active phase and remission phase patients. This suggests that fat mass depletion
occurred in the active phase and partially recovered during the remission phase, however, the
muscle mass remained depleted in the remission phase. One longitudinal study examining
pediatric CD patients revealed that the BMI z scores normalized in patients with CD, but the
FFM z scores did not increase significantly during the 2-year study period.25 Besides, one
cross-sectional study that assessed the whole-body lean and fat mass by using DEXA, in 104
subjects with IBD, observed the loss of lean mass but not fat mass.26 Rocha et al also found
that muscle mass depletion was a common feature of both diseases during the active and
remission phases.24 Another study reported that body composition alterations amongst IBD
patients with loss of lean mass and preservation of fat mass were consistent with cachexia.26
In agreement with our findings, Rocha et al. reported that FFM depletion was associated with
disease activity in IBD.26
The mechanisms underlying the development of altered body composition in patients with
IBD remain unclear. Reduced caloric intake, the secretion of pro-inflammatory cytokines,
malabsorption, low physical activity and metabolic perturbations may contribute to FFM
depletion. Muscle protein degradation involves several cellular pathways, especially the IGF1-Akt pathway which is important for the release of cytokines, such as NF-kb, tumor necrosis
factor alpha (TNF-α) and interleukin 6 (IL-6). We analyzed the dietary intake of the patients
in order to explore the possible underlying causes of our findings and discovered that the
dietary intake was not adequate among the Chinese IBD patients. Although the energy, fat
and protein intake were lower than the recommended amounts, fat and carbohydrates were
important energy-yielding nutrients in the diet. One study reported that a high carbohydrate
diet, including refined sugar, without physical exercise, caused nutrient malabsorption in the
remission phase,27 which resulted in FFM depletion in the remission phase, as well as in
visceral adipose tissue accumulation. In our study, protein contribution to total energy was
only 10%. Increased protein intake may result in a reduction of proteolysis and acquisition of

11

lean tissue in adults with IBD.28 Campos et al suggested that micronutrient supplements
should be routinely administered in clinical remission.29
These findings highlight the importance and necessity of individualized dietary counseling.
Nutritional assessment is important for IBD patients, and the various available methods
present advantages and disadvantages that have been previously discussed.30 Csontos found
that one third of the patients with FFM depletion were not considered to be at risk by their
MUST score.31 Bin appealed that the BMI should not be used as reference in IBD patients.32
When combining the PG-SGA and BIA methods, we found that 19.2% of patients with
moderate or severe malnutrition already had altered body composition. In addition, 12 (44.4%)
patients who were classed as being relatively well-nourished by PG-SGA (<4＝ had altered
body composition. This means that the FFM of these patients decreased but the fat mass
relatively increased. Besides, all 12 patients were in the remission phase, and 11 of these
patients had CD. A recent systematic review reported CD patients typically present with
chronic inflammation in the intestinal tract and amyotrophy, but the co-occurrence of obesity
is increasing.33 Valentini et al used SGA to assess the nutritional status of 144 IBD patients,
and found that the body cell mass was decreased in 74% of the patients with good nutritional
status.34 Although, there were no obese patients in our research, their fat mass was relatively
increased. A study reported that visceral adipose tissue was associated with leptin and IL-6
but not with adiponectin, IL-8, or TNF-α. Moreover, visceral adipose tissue accumulation
could be a prospective risk factor for increased disease activity in CD.35 In addition, Bin
found that handgrip strength detected in patients with CD in remission, and BMI or weight
should not be used as reference in IBD patients.32 Therefore, a detailed assessment of the
nutritional status (especially body composition) of IBD patients is important, particularly, for
those in remission.
Appropriate nutritional management of patients with IBD in remission can ameliorate
nutritional depletion and improve the quality of life if and when the disease again becomes
active. It has also been found that effective therapy can reduce patient inflammation. During
remission, IBD patients should improve dietary quality, particularly their protein intake and
be more physically active.
In summary, general malnutrition and low-FFMI were commonly detected among patients
with IBD. PG-SGA contributed to IBD patient assessment. However, body composition
should also be assessed directly, especially during disease remission to provide for effective
interval nutrition support. Body composition may be assessed by DEXA, CT, or MRI. BIA
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can be an alternative to DEXA, with lower cost and competitive with the economic advantage
of anthropometric measures. Many IBD IBD patients require nutritional therapy, but are
overlooked when nutritional screening is too basic. PG-SGA combined with body
composition measurements, as part of the nutritional assessment, could more reliably detect
malnutrition and facilitate its management. A limitation of our study was that patient sample
size was relatively small, lacking especially in UC patients. Larger and prospective studies are
required to understand and manage better the body compositional disorders in IBD.
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Table 1. Baseline patient characteristics

Patients
Age (mean)
Gender
Male
Female
CDAI (mean)
Mayo (mean)
PG-SGA
BMI (kg/m2)
Smoking
Drinking
Years since diagnosis
Educational level
No studies
Elementary
High school
College
Body composition
Triceps skinfold thickness (mm)
Visceral fat area (%)
Fat mass (kg)
FFMI (kg/m2)

All
78
35.54±12.25
44
34
6.64±5.22
19.39±3.01
10
9
6.48±5.01

CD
63
35.73±11.24
36
27
106.2±82.3
6.09±5.25
19.51±3.11
8
5
7.03±5.54

4
13
14
47

3
8
12
40

11.49±4.37
45.86±26.20
10.27±4.89
15.57±1.88

11.72±4.31
45.93±25.87
10.41±5.03
15.64±1.90

UC
15
36.44±13.76
8
7
5.91±2.84
8.81±4.65
18.89±2.53
2
4
4.20±2.76
1
5
2
7
10.62±4.65
45.59±28.48
9.66±4.35
15.29±1.82

CD: Crohn’s disease; UC: ulcerative colitis; CDAI: Crohn’s Disease Activity Index; Mayo: disease activity index for UC; PG-SGA:
Patient-Generated Subjective Global Assessment; FFMI: fat free mass index.

Table 2. Comparison of IBD patients in the active and remission phase

Age, years
Male, n (%)
UC
CD
Smoking, n (%)
Drinking, n (%)
BMI (kg/m2)
PG-SGA
Body composition
FFMI (kg/m2)
Fat mass (kg)
TBW/FFM (%)
ECW/TBW (%)
Triceps skinfold thickness (mm)
Visceral fat area (%)
FFM (kg)
Skeletal muscle mass (kg)

Active (n=40)
35.60±12.31
26 (65)
11
29
7 (17)
7 (17)
18.33±2.42
10.02±4.57

Remission (n=38)
36.18±11.14
19 (50)
4
34
3 (8)
2 (5)
20.43±3.21
2.89±1.13

p-value
0.824
0.290
0.225
0.110
0.001
<0.001

15.18±1.67
8.74±4.01
73.53±0.31
0.378±0.006
10.29±4.27
40.39±25.46
42.84±6.48
23.16±4.09

15.97±2.06
11.77±5.29
73.33±0.30
0.380±0.003
12.90±4.13
51.62±26.06
42.94±8.27
23.46±5.15

0.092
0.005
0.008
0.055
0.017
0.049
0.857
0.834

CD: Crohn’s disease; UC: ulcerative colitis; PG-SGA: Patient-Generated Subjective Global Assessment; FFMI: fat free mass index;
TBW/FFM: total body water/fat free mass; ECW/TBW: extracellular water/total body water.
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Table 3. Consistency test between PG-SGA and FFMI
FFMI
PG-SGA

＜4
≥4

Male ≥17, Female ≥15
15
14

Male <17, Female <15
12
37

X2 (P)

Kappa

5.97 (0.026)

0.276

Table 4. Relationships of FFMI with body composition, dietary intake and disease activity
FFMI
Age (years)
BMI (kg/m2)
PG-SGA
Body composition
ECW/TBW (%)
Triceps skinfold thickness (mm)
Body cell mass (kg)
Bone mineral content (kg)
Skeletal muscle mass (kg)
FFM (kg)
Visceral adipose tissue (%)
Arm muscle circumference (mm)
Fat mass (kg)
Disease activity
CDAI (CD)
Mayo (UC)
Dietary intake
Energy (kcal/d)
Total protein (g/d)
Total fat (g/d)
Total carbohydrates (g/d)
Iron (mg/d)

r
0.168
0.777
-0.362

p value
0.136
<0.001
0.001

-0.690
0.338
0.854
0.793
0.843
0.816
0.123
0.901
0.233

<0.001
0.007
<0.001
<0.001
<0.001
<0.001
0.282
<0.001
0.040

-0.420
-0.055

0.005
0.880

0.353
0.322
0.340
0.245
0.317

0.002
0.004
0.002
0.031
0.005

CD: Crohn’s disease; UC: ulcerative colitis; PG-SGA: Patient-Generated Subjective Global Assessment; FFMI: fat free mass index;
TBW/FFM: total body water/fat free mass; ECW/TBW: extracellular water/total body water.
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Table 5. Food consumption and dietary nutrient intake in the different study groups
Parameters
Cereal & potato (g/d)
Beans (g/d)
Meat (g/d)
Vegetables & fruits (g/d)
Egg & egg products (g/d)
Milk & dairy products (g/d)
Fish & shrimp (g/d)
Energy (kcal/day)
Total protein (g/day)
Total fat (g/d)
Total carbohydrates(g/d)
Fat intake energy (%)
Protein intake energy (%)
Carbohydrate intake energy (%)
Calcium(mg/d)
Iron(mg/d)
Vitamin A(μgRE/d)

CD (n=63)
258.05±66.26
46.55±62.46
81.10±43.26
347.14±139.64
54.38±33.20
38.41±66.77
43.41±24.25
978.78±225.64
25.94±8.35
33.39±13.12
126.99±32.94
30.01±7.96
10.48±1.74
59.50±8.81
308.11±142.38
9.78±2.69
834.48±496.42

UC (n=15)
229.86±59.01
27.01±34.84
57.39±49.50
321.33±168.47
56.13±39.95
24.00±51.38
37.67±28.09
918.82±187.41
20.88±9.44
27.06±13.67
127.93±33.83
26.25±10.21
10.04±2.88
63.72±11.14
269.54±141.54
8.17±3.02
705.92±481.84

p
0.144
0.248
0.067
0.538
0.860
0.493
0.426
0.376
0.110
0.146
0.927
0.147
0.464
0.142
0.348
0.045
0.368

Active (n=40)
244.76±81.98
34.44±44.81
58.21±41.03
211.18±99.44
55.60±40.49
27.10±60.26
39.65±28.35
920.47±262.17
24.21±9.41
28.50±13.93
125.94±39.03
27.17±8.78
10.33±2.04
62.50±9.53
279.60±142.88
9.46±3.14
768.72±550.65

Remission (n=38)
278.35±54.26
48.72±68.88
75.31±28.45
244.11±82.36
58.52±25.59
51.47±87.35
47.29±18.90
1021.02±144.43
26.97±7.31
36.44±11.49
128.53±24.76
31.75±7.48
10.49±1.91
57.73±8.57
330.37±131.37
9.73±1.95
852.96±427.63

p
0.036*
0.296
0.047*
0.133
0.713
0.178
0.179
0.046*
0.167
0.010*
0.735
0.021*
0.737
0.030*
0.110
0.649
0.565

Normally distributed values are presented as means±SD. *Reflects the significance of the differences within groups (p＜0.05).
Guide for estimating nutritional requirement in stable patients: Energy: 20-35 kcal/kg/day. Protein: 0.8-2.0 g/kg/day (in clinical practice 0.8-1.0 g/kg/day for the majority of patients; in those who are
metabolically stressed, requirements may be higher). Calcium: 800 mg/d. Iron: 15 mg/d in male and 20 mg/d in female. Vitamin A: 800 μgRE/d in male and 700 μgRE/d in female. The distribution of
energy intake is: 10-15% protein, 20-30% fat, 55-60% carbohydrate for the majority of patients.
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Figure 1. Patients at risk of malnutrition based on PG-SGA and FFMI.
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Figure 2. Scatter plots of different classifications of IBD patients.

