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	 Background:	 This study retrospectively explored body composition changes and related factors in patients with ulcerative 
colitis (UC).

	 Material/Methods:	 Patients with UC and healthy individuals who served as the healthy control at the Affiliated Hospital of Qingdao 
University September 2017 to August 2018 were retrospectively analyzed. Clinical data and laboratory exam-
ination indexes were collected. The skeletal muscle area (SMA) of the third lumbar vertebra cross-section, the 
subcutaneous fat area (SFA), and the visceral fat area (VFA) at the umbilical level were measured by comput-
ed tomography (CT), and the skeletal muscle index (SMI) was calculated to evaluate the loss of muscle mass.

	 Results:	 Data from a total of 80 patients (median age, 49.49 years; 44 [55%] men) with active UC in the UC group and 
80 healthy people age- and sex-matched in the healthy control group were collected. The incidence of low 
SMI and malnutrition was remarkably higher in the UC group than in the healthy control group (P<0.05). Low 
SMI was observed in 62.5% of UC patients who had a normal body mass index. Based on classification by the 
Truelove and Witts’ criteria, the prevalence of malnutrition in severe UC patients was remarkably higher than 
that in mild and moderate UC patients (P<0.05). Based on the disease extent, the prevalence of low SMI in E3 
type UC was dramatically higher than that in E2 type (P=0.028).

	 Conclusions:	 Loss of muscle mass was related to disease extent in patients with UC. Loss of muscle mass is more likely to 
be associated with malnutrition.
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Background

Patients with inflammatory bowel disease (IBD), including ul-
cerative colitis (UC) and Crohn’s disease (CD), have altered 
body composition, such as diminished muscle mass, protein 
depletion, and higher abdominal adiposity [1]. These changes 
are due to a combination of inadequate intake, poor absorp-
tion, loss of nutrients, and increased demand for nutrients. 
These changes in body composition can lead to malnutrition, 
low muscle mass, sarcopenia, and unfavorable prognosis [2-5].

The criterion standard for evaluating muscle mass is dual-energy 
X-ray absorptiometry (DXA), computed tomography (CT), or mag-
netic resonance imaging (MRI) examinations. CT images provide 
details on specific muscles, adipose tissues, and organs, which 
are not provided by DXA. CT scanning has great practical signif-
icance as CT images were included in the diagnosis and follow-
up [8,9]. The skeletal muscle cross-sectional area (SMA) at the 
level of the third lumbar vertebra (L3) measured by CT is consid-
ered to be a surrogate indicator of total skeletal muscle volume 
[9]. Studies have found the third lumbar cross-section skeletal 
muscle area is significantly correlated with whole-body muscle [9].

Body composition differs among racial and ethnic groups. 
At present, there are few studies on UC body composition in 
China. The objective of this study was to explore changes in 
body composition in patients with active UC and to investigate 
related influencing factors, with the goal of improving early 
detection of risk factors and prompt clinical interventions to 
increase the quality of life of UC patients.

Material and Methods

Patient Selection

This retrospective study included patients with UC and 
healthy controls admitted to the Affiliated Hospital of Qingdao 
University (Qingdao, Shandong Province, China) from September 
2017 to August 2018. This study was approved by the Ethics 
Committee of the Affiliated Hospital of Qingdao University (ap-
proval no. QYFY WZLL25852).

The inclusion criteria for the UC group were: (i) met diagnostic 
criteria based on the 2017 ECCO guidelines: established by clin-
ical, laboratory, imaging, and endoscopic parameters, including 
histopathology, and people with other infections were excluded 
[10]; (ii) age ³18 years old and £70 years old; (iii) complete data, 
including general information, laboratory data, and abdominal 
CT. Exclusion criteria were: (i) unable to be weighed; (ii) had 
other infections; (iii) pregnant women; (iv) patients with malig-
nant tumors and other chronic diseases such as heart failure, 
chronic liver disease, diabetes, uremia, hyperthyroidism, and 
obstructive pulmonary disease; (v) incomplete clinical data or 
abdominal CT. In addition, UC patients who have been repeated-
ly admitted to the hospital are only admitted for the first time.

The inclusion criteria of the healthy control group were: (i) 
healthy people who came to our hospital’s physical examina-
tion center for physical examination during the same period, 
(ii) no disease, (iii) age ³18 years old and £70 years old, and 
matched with UC group by age (±2 years) and sex, (iv) com-
plete data, including general data, laboratory data, and ab-
dominal CT. Exclusion criteria were: (i) had UC or any other 
diseases and infections, (ii) pregnant women, (iii) incomplete 
clinical data or abdominal CT.

Data collection

The clinical data on UC patients and healthy controls were col-
lected and analyzed.

General Information of Patients

General information collected included age, sex, Montreal 
classification of extent of UC (Table 1) [11], and modified 
Truelove and Witts’ disease severity classification of active 
UC (Table 2) [12].

Anthropometric Measurements

On the day of abdominal CT examination, we measured height, 
weight, and BMI. According to the 2015 edition of the ESPEN 
guidelines, BMI <18.5 kg/m2 was defined as malnutrition [13,14].

Extent Anatomy

E1 Ulcerative proctitis
Involvement limited to the rectum (that is, proximal extent of 
inflammation is distal to the rectosigmoid junction)

E2 Left sided UC (distal UC)
Involvement limited to a proportion of the colorectum distal to the 
splenic flexure

E3 Extensive UC (pancolitis) Involvement extends proximal to the splenic flexure

Table 1. Montreal classification of extent of UC.
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Laboratory Data

Collected laboratory data included white blood cell count (WBC), 
neutrophil count (Neu), lymphocyte count (Lym), red blood cell 
count (RBC), hemoglobin (Hb), platelet count (PLT), C-reactive 
protein (CRP), total protein (TP), albumin (ALB), pro-albumin 
(pro-ALB), and calcium ion (Ca2+). The detection time of the 
above data was on the day of or the day before the abdomi-
nal CT examination.

Body Composition Determination by CT

The body composition was quantified by CT. CT scans show that 
the density of different tissues is different. Based on different 
density values, the skeletal muscle area, visceral fat area, and 

Severity Definition

S0 Clinical remission Asymptomatic

S1 Mild UC
Passage of 4 or fewer stools/day (with or without blood), absence of any systemic 
illness, and normal inflammatory markers (ESR)

S2 Moderate UC Passage of more than 4 stools per day but with minimal signs of systemic toxicity

S3 Severe UC
Passage of at least 6 bloody stools daily, pulse rate of at least 90 beats per minute, 
temperature of at least 37.5°C, hemoglobin of less than 10.5 g/100 ml, and ESR of at 
least 30 mm/h

Table 2. Modified Truelove and Witts’ disease severity classification of UC.

ESR – erythrocyte sedimentation rate.

A

B

C

Figure 1. �Body composition determination by CT. (A) The green 
part represents the skeletal muscle area (SMA) of the 
third lumbar vertebra cross-section. (B) The green 
part represents the subcutaneous fat area (SFA) at 
the umbilical level. (C) The green part represents the 
visceral fat area (VFA) at the umbilical level.
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subcutaneous fat area can be accurately measured at a spe-
cific level. Before measurement, it needs to be calibrated ac-
cording to the density value of water and air (the density val-
ue of water is 0 HU, and the density value of air is -1000 HU).

For measurement of SMA, we positioned the CT density thresh-
old of skeletal muscle as -29 HU (Hounsfield unit) ~ +150 HU 
and measured all skeletal muscle regions (SMA) of the L3 cross-
section, including the psoas major, erector spinae, quadratus 
lumborum, transverse abdominis, external oblique, and inter-
nal oblique (Figure 1A).

To measure SFA, the CT density threshold of subcutaneous 
and muscle fat was positioned as -190~-30 HU, and SFA was 
measured in the umbilical level (Figure 1B).

VFA was measured by positioning the CT density threshold of 
visceral fat as: -150~-50 HU, and VFA was measured at the 
umbilical level, which mainly includes the greater omentum, 
mesenteric, and intestinal fat groups (Figure 1C).

We calculated the L3 skeletal muscle index (SMI) as the ra-
tio of SMA to height squared, which was used to assess skel-
etal muscle volume. Regarding the diagnostic criteria for low 
muscle mass, there is still controversy, and we used the stan-
dards widely used in Europe and the United States, in which 
SMI <52.4 cm2/m2 (male) or 38.5 cm2/m2 (female) indicates 
low muscle mass (low SMI) [15,17].

Statistical Analysis

SPSS 24.0 statistical software (IBM, USA) was used for statisti-
cal analysis. Continuous data were compared by t test and re-
ported as mean and standard deviation. Categorical data were 
analyzed by the rank sum test and chi-square test and are de-
scribed as frequency and percentage. One-way analysis of vari-
ance and the Bonferroni test were used for comparison between 
different groups. The correlation between SMI and clinical vari-
ables was tested by Pearson correlation or Spearman correlation, 
as appropriate. P<0.05 was considered statistically significant.

Results

Demographic and Clinicopathological Characteristics 
Between the UC Group and Healthy Control Group

A total of 160 participants were included in this study, with 80 
in the UC group and 80 in the healthy control group. The av-
erage age of patients in the UC group was 49.49±1.37 years 
old, with a male to female ratio of 1.2: 1. The average age of 
the healthy control group was 49.58±1.34 years old.

The prevalence of low SMI and malnutrition were 68.8% and 
20%, respectively, in the UC group. The prevalence of low 
SMI and malnutrition were 27.5% and 1.3%, respectively, in 
the healthy control group. Compared with the healthy group, 
the prevalence of low SMI and malnutrition were remarkably 

UC patients (n=80) Controls (n=80) P value

Age (years) 49.49±12.27 49.58±12.00 0.49

Weight (kg) 60.86±12.48 70.29±12.48 <0.01

Height (m) 1.67±0.09 1.67±0.09 0.91

BMI (kg/m2) 21.80±3.65 25.22±3.47 <0.01

Low SMI (%) 	 55	 (68.75) 	 22	 (27.50) <0.01

Malnutrition (%) 	 16	 (20.00) 	 1	 (1.25) <0.01

SMA (cm2) 116.20±28.04 141.63±33.95 <0.01

SFA (cm2) 125.79±62.57 167.30±61.50 <0.01

VFA (cm2) 83.64±40.71 122.80±60.25 <0.01

SMI (cm2/m2) 41.45±7.83 50.55±9.32 <0.01

RBC (×1012/L) 4.27±0.69 4.77±0.42 <0.01

HB (g/L) 118.73±27.95 145.25±13.96 <0.01

HCT (%) 36.40±7.26 43.04±3.45 <0.01

TP (g/L) 62.75±8.69 72.90±4.44 <0.01

ALB (g/L) 35.00±7.43 46.44±3.37 <0.01

Ca2+ (mmol/L) 2.11±0.19 2.30±0.15 <0.01

Table 3. Clinical and body composition parameters for UC patients and controls.
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increased (P<0.05), and SMA, SFA, and VFA were significant-
ly reduced in the UC group (P<0.05). Chi-square test analysis 
showed that low SMI patients were more likely to have mal-
nutrition (P=0.016). The prevalence of low SMI in active UC 
patients with a normal BMI was as high as 62.5% (Table 3).

Body Composition Changes and Nutritional Station Were 
Analyzed Based on Truelove and Witts’ Criteria

According to Truelove and Witts’ criteria, UC patients were di-
vided into mild (S1), moderate (S2), and severe (S3) categories 
(Table 4). The prevalence of malnutrition in patients with S3 
was significantly higher than that in patients with S1 (36.84% 
vs 5.00%, P<0.05) or S2 (36.84% vs 4.55%, P<0.05), and the 
same was true for body weight, BMI, RBC, HB, HCT, TP, ALB, 
pro-ALB, and Ca2+ (P<0.05). SMA and SFA were significantly 
lower in patients with S3 than in those with S1. There was no 
significant statistical difference between S1 and S2 and there 
was no significant difference in VFA among these groups.

Body Composition Changes and Nutritional Station Were 
Analyzed Based on Montreal Classification

According to the Montreal classification of UC lesions, UC pa-
tients were categorized into E1, E2, and E3 types (Table 5). The 
prevalence of low SMI in patients with E3 type UC was signifi-
cantly higher than that in E2 type patients (79.55% vs 54.17%, 
P=0.028). TP, ALB, pro-ALB, and Ca2+ were significantly lower 
in E3 type UC than in E1 type UC (P<0.05). There was no sig-
nificant statistical difference between E1 and E2. The height, 
BMI, SMI, TP, and ALB of low SMI UC patients were significant-
ly lower than those of normal SMI patients (P<0.05). There was 
no significant difference in the incidence of malnutrition, SMA, 
SFA, VFA, and SMI among the groups.

Related Factors with SMI

SMI was positively correlated with weight (r=0.659), BMI 
(r=0.646), RBC (r=0.514), HB (r=0.546), HCT (r=0.557), TP 
(r=0.444), ALB (r=0.571), pro-ALB (r=0.518), and Ca2+ (r=0.350), 
(respectively, P<0.05) and was negatively correlated with CRP 
(r=-0.4278, P=0.012); and had no correlation with age (Figure 2).

S1 (n=20) S2 (n=22) S3 (n=38)

Age (years) 53.35±11.75 45.41±9.44 49.82±13.46

Weight (kg) 67.13±11.76* 63.98±10.87# 55.76±11.88*,#

Height (m) 1.68±0.82 1.67±0.09 1.66±0.1

BMI (kg/m2) 23.66±3.51* 22.81±2.71# 20.24±3.60*,#

Low SMI (%) 	 15	 (75.00) 	 12	 (54.55) 	 28	 (73.68)

Malnutrition (%) 	 1	 (5.00)* 	 1	 (4.55)# 	 14	 (36.84)*,#

SMA (cm2) 127.45±25.89* 123.14±26.16 106.25±27.34*

SFA (cm2) 147.55±76.84* 140.53±45.04 105.81±58.16*

VFA (cm2) 102.79±50.77 81.97±35.93 74.54±34.59

SMI (cm2/m2) 44.68±6.60 43.66±5.97# 38.48±8.41*,#

RBC (×1012/L) 4.75±0.47* 4.41±0.57# 3.94±0.69*,#

HB (g/L) 137.85±16.45* 126.91±20.67# 103.92±28.70*,#

HCT (%) 41.72±4.35* 38.52±5.25# 32.37±7.25*,#

TP (g/L) 66.339±6.99* 66.45±5.99# 58.24±9.05*,#

ALB (g/L) 40.37±5.64* 37.44±4.77# 30.76±7.15*,#

Ca2+ (mmol/L) 2.25±0.15* 2.14±0.15# 2.10±0.19*,#

CRP (mg/L)
(median, interquartile)

4.20*
(2.57, 3.07)

16.50
(8.84, 14.99)

25.71*
(23.12, 25.85)

Table 4. Comparative analysis of UC patients grouped by disease activity.

* S1 vs S3 had significant statistical differences, P<0.05; # S2 vs S3 had significant statistical differences, P<0.05.
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Discussion

This study showed that low muscle mass as assessed by CT was 
associated with the disease’s extent and severity in patients 
with UC. The presence of chronic inflammation can change 
the homeostasis of muscles, bones, and fat, and participate 
in the development of abnormal body composition and mal-
nutrition. Increased energy expenditure due to inflammation, 
impaired digestive, and absorption function, as well as pro-
tein leakage due to ulcerative lesions, can lead to decreased 
skeletal muscle and fat volumes. Modified body composition, 
such as reduced fat-free mass, has been reported in patients 
with IBD [18-20].

Valentini et al analyzed the nutritional status and body com-
position of 114 patients with IBD, finding that 74% of patients 
had normal BMI, but body composition analysis showed that 
the body cell mass was reduced [19]. Our study analysis indi-
cated that compared with the healthy control group, the skele-
tal muscle mass, subcutaneous fat mass, and visceral fat mass 

were significantly reduced, and the prevalence of low SMI and 
malnutrition was conspicuously increased in the UC group. The 
prevalence of low SMI in UC patients with normal BMI was as 
high as 62.5%. Thus, low SMI patients are more likely to have 
malnutrition. The results of our study suggested that patients 
with UC had more frequent skeletal muscle mass loss, which 
was more sensitive than the changes in BMI. Clinicians should 
assess loss of skeletal muscle mass rather than BMI changes 
in patients with UC to identify and treat those patients with a 
high risk for malnutrition. Yuqi et al also found that body com-
position measurements can effectively assess nutritional sta-
tus and can be used as a supplement to BMI [21].

The present study showed that compared with mild or moder-
ate UC patients, the prevalence of malnutrition was conspicu-
ously increased, while TP, ALB, and Ca2+ were remarkably low-
er in patients with severe UC. Furthermore, SMA, SFA, and SMI 
were obviously lower in patients with severe UC than in mild UC 
patients. The prevalence of low SMI in UC patients classified as 
E3 by the Montreal classification was significantly higher than 

E1 (n=12) E2 (n=24) E3 (n=44)

Age (years) 46.92±13.30 48.75±10.46 50.59±12.99

Weight (kg) 63.00±12.62 61.77±12.81 59.78±12.44

Height (m) 1.67±0.09 1.67±0.10 1.67±0.09

BMI (kg/m2) 22.59±3.51 22.07±3.78 21.43±3.65

Low SMI (%) 	 7	(58.33) 	 13	(54.17)# 	 35	(79.55)#

Malnutrition (%) 	 1	(5.00)* 	 1	(4.55)# 	 14	(36.84)*,#

SMA (cm2)
(median, interquartile)

122.76
(116.84, 42.83)

121.63
(107.44, 76.15)

125.65
(119.23, 107.43)

SFA (cm2) 50.23±14.50 56.16±11.46 69.50±10.48

VFA (cm2) 86.50±53.18 77.00±38.12 86.49±38.84

SMI (cm2/m2) 43.66±7.83 43.33±8.05 39.83±7.50

RBC (×1012/L)
(median, interquartile)

4.41
(4.75, 0.74)

4.37
(4.44, 2.33)

4.19
(4.35, 1.09)

HB(g/L)
(median, interquartile)

131.42
(144.5, 33.75)

119.17
(126.50, 56.50)

115.02
(113.00, 38.50)

HCT (%)
(median, interquartile)

39.76
(42.7, 8.78)

36.83
(38.6, 14.95)

35.25
(34.55, 10.63)

TP(g/L) 67.07±8.75* 65.28±7.59 60.18±8.57*

ALB(g/L) 41.24±5.93* 35.81±6.20 32.86±7.48*

Ca2+ (mmol/L) 2.23±0.15* 2.16±0.11# 2.04±0.21*#

CRP (mg/L)
(median, interquartile)

5.33*
(2.98, 4.16)

10.23#

(6.25, 12.44)
26.31*#

(19.10, 25.59)

Table 5. Comparison and analysis of UC patients grouped by Montreal classification.

* E1 vs E3 had significant statistical differences, P<0.05; # E2 vs E3 had significant statistical differences, P<0.05.
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rho=-0.007, P=0.954
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Figure 2. �Correlation analysis between SMI and clinical variables. Clinical variables include: age (1), weight (2), BMI (3), red blood 
cell count (4), hemoglobin (5), hematocrit (6), total protein (7), serum white protein (8), serum prealbumin (9), Ca2+ (10), 
C-reactive protein (11), and sex (12). SMI – Skeletal Muscle Index; P<0.05 has statistical significance.
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that in the E2 type patients. TP, ALB, and Ca2+ were significantly 
lower in the E3 type patients than in the E1 type patients. The 
symptoms of diarrhea and nausea in UC patients with severe 
UC or lesions involving the entire colon can result in less active 
intake, more intestinal loss, and reduced exercise. Previous stud-
ies have shown that exercise can improve the quality of life and 
reduce the clinical disease activity index of IBD patients [22-24]. 
By appropriately reducing disease activity, skeletal muscle mass 
can be improved [25,26]. This suggests that body composition 
analysis should be performed to identify loss of skeletal mus-
cle mass as early as possible for patients with a wide range of 
lesions and severe symptoms, such as lowered serum albumin 
and blood calcium. Clinicians should improve UC patients’ nu-
tritional status and quality of life by appropriately controlling 
inflammation, correcting malnutrition, and increasing exercise.

The results of the current study showed that BMI, SMI, SFA, TP, 
and ALB of UC patients with low SMI were significantly lower 
than those in patients with normal SMI. Skeletal muscle vol-
ume was closely related to sex, body weight, hemoglobin, se-
rum albumin, and C-reactive protein levels, which is consis-
tent with previous reports [27-30]. These results indicated that 
the skeletal muscle volume and serum albumin levels could be 
significantly reduced during acute and extensive disease [31]. 
When UC patients experience weight loss, anemia, decreased 
serum albumin, and significantly increased C-reactive protein, 
they should be examined to rule out muscular dystrophy. Body 
composition analysis should be performed as soon as possible 
to assess whether the patient’s skeletal muscle and fat mass 
are reduced. A study by Cushing et al showed that sarcope-
nia, as determined on abdominal CT, was a novel predictor of 
the need for rescue therapy in hospitalized UC patients [32].

This study has several limitations. Firstly, the number of cases 
was relatively small. Secondly, this was a retrospective study, 
so we could not measure muscle performance by grip-strength 
tests or walking speed and could not assess the prevalence 
of sarcopenia. Finally, we did not evaluate the possible treat-
ments these patients may receive, which might change their 
body composition measurements and laboratory test results. 
Future research is necessary to confirm our results.

Conclusions

Malnutrition and loss of skeletal muscle mass were associat-
ed with disease extent in patients with UC. The UC active dis-
ease period can cause skeletal muscle loss and fat consump-
tion and increase the risk of malnutrition. Body composition 
analysis could provide early detection of skeletal muscle loss 
and malnutrition in UC patients, as well as guide prompt clin-
ical nutrition intervention.
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