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Factors associated with low skeletal muscle index among patients
with Crohn’s disease

Jiehua Zhi'®, Bing jido® @, Shan Qing? @, Lanyu Liang?*

SUMMARY

OBJECTIVE: Disease-related skeletal muscle loss is highly prevalent among patients with Crohn’s disease. Low skeletal muscle mass lead to disability
and interventions to prevent skeletal mass loss as an effective strategy to prevent disability. The aim of this article was to identify the factor associated
with skeletal muscle loss of Crohn’s disease and seek for management target for the prevention of sarcopenia-related disability.

METHODS: Patients with Crohn’s disease were divided into low and normal skeletal muscle mass groups based on L3 skeletal muscle index using
abdominal CT scans. The clinical and laboratory parameters and colonoscopy were compared between the two groups. Univariate and multivariate
regression logistic models were built to identify the prognostic markers of Crohn’s disease-associated muscle loss.

RESULTS: A total of 191 Crohn’s disease patients were enrolled in this study, of whom 116 (60.73%) were detected to have low L3 skeletal muscle
index, including 71 (68.26%) males. The multivariate logistic regression analysis showed that age (OR: 1.031, 95%Cl: 1.006-1.057), female gender
(OR:2.939, 95%Cl: 1.386-6.233), disease duration (OR: 0.988, 95%Cl: 0.980-0.996), endoscopic disease activity (simple endoscopic score for
Crohn’s disease) (OR: 0.923, 95%Cl: 0.855-0.996), serum albumin (OR: 1.079, 95%Cl: 1.009-1.154), and serum creatinine (OR: 1.037, 95%Cl:
1.011-1.063) were associated with L3 skeletal muscle index among Crohn'’s disease patients.

CONCLUSION: The gender, age, and duration of disease were uncontrollable factors associated with muscle loss of Crohn’s disease. The treatment
target of mucosal healing and improved nutritional status may be beneficial for maintaining muscle mass among Crohn'’s disease patients.
KEYWORDS: Crohn'’s disease. Sarcopenia. Body composition. Endoscopy.

INTRODUCTION

Crohn’s disease (CD) is an inflammatory bowel disease (IBD)
characterized by chronic, relapsing, systemic inflammation of
the gastrointestinal tract, complex gastrointestinal symptoms,
extraintestinal manifestations, and comorbidities'. The bone
and skeletal muscle are vulnerable to be affected by the disease.
Low muscle mass has been proven to be associated with adverse
outcomes including the severity of CD, the presence of sur-
gery related to CD, increase in the intestinal surgery-associated
complications, and death?®. CT is considered the gold stan-
dard technique for the detection of muscle quality and accurate
assessment of body composition in patients with CD* When
considering only the low muscle mass based on CT or MRI,
31-61.4% of CD patients were complicated with sarcopenia®.
The data showed that the prevalence, incidence, years of life
lived with disability (YLDs), and disability-adjusted life years
(DALYs) of IBD had increased in China over the past three
decades. Focus on muscle loss prevention may be an import-
ant policy to manage CD-related disability®.

Multiple factors are involved in the muscle dysfunction
and sarcopenia of IBD, such as poor nutrition, physical inac-
tivity, hormonal changes, prolonged corticosteroid therapy,
high degree of lipid peroxidation or oxidative stress, and mus-
cle protein synthesis pathways’. The aim of this article was to
identify the controllable factors associated with skeletal muscle
in the context of CD. We establish the relationship between
the clinical and laboratory parameters and the skeletal muscle
mass in the active stage of disease in order to seek for manage-

ment target for the prevention of sarcopenia-related disability.

METHODS

Patient selection

This is a single-center retrospective study of CD data collected
from the Affiliated Hospital of Yangzhou University, a Chinese
tertiary teaching hospital, between January 2013 and August
2020. Hospitalized patients were consecutively enrolled in the
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study with a confirmed diagnosis of CD. The inclusion criteria
were as follows': age >14 years and? all patients who underwent
abdominal CT scan within 2 weeks before or after admission
and colonoscopy during hospitalization. The exclusion criteria
were as follows': re-admission after recruitment and? clinical

data or laboratory information unavailable.

Assessment of muscle mass on CT

The L3SMA measurement was done on CT images using
Picture Archiving and Communication Systems (PACS,
IMPAX6.3.1.4095, AGFA HealthCare NV, Belgium). The L3
skeletal muscle index (L3 SMI) is denoted by L3SMA (cm?)/
height® (m?). The diagnostic criteria of low L3SMI are below
42 cm?/m?for men and below 38 cm?*/m? for women®.

Study design and data collection

All patients were divided into two groups, i.e., low L3SMI
group and normal L3SMI based on the cutoff value of L3SMI.
Clinical parameters included disease duration, the Montreal
classification of CD’, main symptoms of hospital admissions,
simple Cohn’s disease activity index (simple CDAI), simple
endoscopic score for CD (SES-CD)", and treatments during
hospitalization. The nutritional assessments used nutritional
risk screening (NRS2002) and prognostic nutritional index
(PNI). Laboratory parameters included blood cell count, neutro-
phil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR),
erythrocyte sedimentation rate (ESR), C-reactive protein (CRP),
D-dimer, and serum levels of calcium, albumin, prealbumin,

cholinesterase, creatinine, urea, and retinol-binding protein.

Ethical approval

This study was performed in accordance with the Declaration of
Helsinki (2000) of the World Medical Association. The Human
Research Ethics Committee of the Affiliated Hospital of Yangzhou

University approved this retrospective trial.

Statistical analysis

Statistical analyses were performed using SPSS 23.0 (IBM,
Armonk, NY, USA). All demographic, clinical, and laboratory
characteristics were compared between the two groups. Normal
distribution test of quantitative variables used the Shapiro-Wilk
test. Normally distributed variables were described as mean®X
standard deviation, using an independent-samples t-test. Non-
normally distributed variables were described as the median
and interquartile range (IQR) using the Mann-Whitney U test.
The qualitative variables were described as numbers (percentages)
using the chi-square test. Univariate and multivariate regression
logistic models were built to identify the prognostic markers

2

of CD-associated muscle loss. The Pearson correlation analy-
sis was conducted between clinical and laboratory parameters.
Two-tailed p<0.05 was considered to be statistically significant.

RESULTS

Demographic characteristics between groups

A total of 191 CD patients were enrolled in this study, includ-
ing 104 males (54.45%). The average age of patients was 40
years. A total of 116 (60.73%) patients were detected to have
low L3SMLI, including 71 (68.26%) males.

Clinical characteristics between groups

The duration of disease was longer in the low skeletal muscle
group, but there was no statistical significance in the univariate
analysis. Patients with low L3SMI had higher disease activity
disease severity scores and endoscopic lesions severity scores.
The simple CDAI was 5.00 (IQR: 4.00, 6.00) vs. 4.00 (IQR:
3.00, 5.00), and the SES-CD was 6.00 (IQR: 3.00, 9.75) vs.
3.00 (IQR: 0.00,6.00) (all p-values<0.01) (Table 1).

Laboratory parameters between groups

Hemoglobin and serum levels of calcium, albumin, prealbu-
min, retinol-binding protein, cholinesterase, creatinine, urea,
and creatinine/cystatin C were significantly lower in the low
L3SMI group than those in the normal L3SMI group. PLR as
a systemic inflammatory marker was higher in the low L3SMI

group (Table 2).

Factors associated with Crohn’s disease-
associated low skeletal muscle mass

Age, gender, disease duration, endoscopic activity, and serum
levels of albumin, urea, and creatinine were associated with
L3SMI based on univariate analysis. After multivariate regression,
female gender, younger age, longer disease duration, SES-CD,
and lower levels of serum albumin and serum creatinine were

more likely to be diagnosed with low L3SMI (Table 3).

DISCUSSION

In this study, muscle loss diagnosed by the low L3SMI was highly
prevalent among CD patients. A total of 60.73% patients had
decreased skeletal muscle mass, including 71 (68.26%) males.
This was in line with the previous research of Zhang et al.” using
the same diagnostic criteria among adult Chinese patients with
CD. Skeletal muscle loss showed sex-specific variations. Male

patients were more prone to muscle loss in the context of CD.
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Table 1. Clinical characteristics of Crohn’s disease patients between the low and normal L3 skeletal muscle index groups.

Clinical parameters All patients Low L3SMI Normal L3SMI —value
p (n=191) (n=116) (n=75) =

Age (years) 40.00 (28.00, 50.00) 38.50(27.00, 53.00) 0(31.00, 53.00)
<18 12 (6.28%) 10(8.62%) 2(2.70%) 0070
18-59 154 (80.63%) 96 (82.76%) 58 (73.33%)
>60 25(13.09%) 10 (8.62%) 15 (20.00%)
Gender (n, %)
Male 104 (54.45%) 71(61.20%) 33 (44.00%) —
Female 87 (45.55%) 45 (38.80%) 42 (56.00%)
Disease duration (months) 36.00 (10.00, 84.00) 36.00 (6.00, 84.00) 24.00 (6.00, 72.00) 0.078
Age at diagnosis of CD (n, %)
Al 12 (6.28%) 10(8.62%) 2(2.70%)
A2 105 (54.97%) 66 (56.90%) 39 (52.00%) 0.125
A3 74 (38.74%) 40 (34.48%) 34 (45.30%)
Behavior of CD (n, %)
B1 103 (53.93%) 57 (49.14%) 6(61.33%)
B2 57 (29.84%) 36 (31.03%) 21(28.00%) 0,100
B3 19 (9.95%) 12 (10.34%) 7(9.33%)
B2+B3 12 (6.28%) 11(9.48%) 1(1.33%)
Cause of hospital admission (n)
Abdominal pain (yes/no) 163/28 101/15 62/13 0.410
Diarrhea (>times/day) (yes/no) 32/159 21/95 11/64 0.560
Fever (yes/no) 105/86 61/55 44/31 0.458
Bloody stool (yes/no) 24/167 13/103 11/64 0.508
Disease activity (simple CDAI) 4.92 (3.00, 6.00) 5.00 (4.00, 6.00) 4.00(3.00, 5.00) 0.003*
Endoscopic disease activity (SES-CD) 5.92(0.00, 8.00) 6.00(3.00, 9.75) 3.00 (0.00, 6.00) 0.001*
BMI (kg/m?) 21.00£3.06 20.89+2.91 21.18+3.30 0.521
NRS2002 1.88(1.00, 3.00) 2.00(1.00, 3.00) 2.00(0.00, 3.00) 0.303
PNI 45.56+6.31 44.64+6.83 46.99+£9.47 0.051
Treatments during hospitalization, (n)
Aminosalicylic acid (yes/no) 28/163 13/103 15/60 0.099
Thiopurinen (yes/no) 51/140 29/87 22/53 0.509
Corticosteroids (yes/no) 25/166 18/98 7/68 0.274
Anti-TNF (yes/no) 39/152 27/89 12/63 0.272
Enteral nutrition (yes/no) 80/111 54/62 26/49 0.012*

*Two-tailed p<0.05 was considered to be statistically significant. CDAI: Cohn’s disease activity index; SES-CD: simple endoscopic ore for Crohn’s disease; PNI:

prognostic nutritional index.

Previous research had suggested that muscle loss was higher in
males than females'. Sarcopenia was considered to be an age-re-
lated disease?. However, for CD patients with disease-related
muscle loss, there was no statistical difference in age between the

low and normal skeletal muscle groups. The high prevalence of

3

skeletal muscle loss among adolescent CD patients was partially
associated with the growth impairment caused by chronic intes-
tinal inflammation and chronic caloric insufficiency. Younger
IBD patients were prone to have active inflammation, with
profound malnutrition and immunosuppression’?.
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Table 2. Laboratory parameter of Crohn’s disease between low and normal L3 skeletal muscle index groups.

(n=191) (n=116) (n=75)
White blood cells (107/L) 5.9612.64 5.89+2.68 6.074£2.59 0.647
Neutrophils (10°/L) 4.024£2.33 4.04£2.40 3.9942.23 0.882
Lymphocytes (107/L) 1.342£0.63 1.28+0.65 1.44+0.60 0.094
Eosinophils (107/L) 0.12£0.13 0.1240.14 0.12+£0.12 0.981
Hemoglobin (g/L) 123.58+22.46 117.27+17.80 133.34+25.38 <0.001*
Platelets (107/L) 233.00(180.50,297.50) 240.00(178.75, 332.75) 229.00(188.00,261.00) 0.193
NLR 3.844+4.10 4.10+4.64 3.44£3.44 0.285
PLR 181.60(125.50,269.45) 206.10(137.89, 354.62) 146.02(111.76,217.88) 0.006*
ESR (mm/h) 14.00 (5.50, 29.00) 16.50(8.75,40.25) 12.00 (5.00, 27.00) 0.064
CRP (mg/L) 3.60(0.62,20.78) 6.57(0.54,52.63) 6.04(0.81,17.71) 0.466
D-Dimer (mg/L) 0.26(0.12,0.42) 0.26(0.14,0.39) 0.25(0.10,0.49) 0.415
Serum calcium (mmol/L) 2.32+0.21 2.2940.24 2.36£0.17 0.017*
Serum albumin (g/L) 39.30+5.70 38.26+5.34 40.9745.92 0.001*
Serum prealbumin (g/L) 222.80+68.66 204.23+£65.65 252.99+62.90 <0.001*
Serum retinol-binding protein (g/L) 36.72+£16.21 33.661£14.95 41.60£17.05 0.002*
Serum cholinesterase (u/L) 7192.06+£1929.63 6746.36£1761.80 7897.74+£1984.42 <0.001*
Serum creatinine (umol/L) 62.32+19.44 57.61+17.31 69.77+20.38 <0.001*
Serum urea (mmol/L) 4.43+2.01 3.98+1.89 5.14+2.00 <0.001*
Serum cystatin C (mg/L) 0.79+0.29 0.76+0.21 0.8240.36 0.192
Serum creatinine/cystatin C 83.08+£29.98 78.88+£32.08 89.78+25.10 0.020*

NLR: neutrophil-lymphocyte ratio; PLR: platelet-lymphocyte ratio; ESR: erythrocyte sedimentation rate. “Two-tailed p<0.05 was considered to be statistically significant.

Table 3. Univariate and multivariate logistic analysis of predictor on Crohn’s disease-associated muscle loss.

Variable — - — -
Univariate analysis Multivariate analysis

Gender (female) 4.204 1.555-11.366 0.005* 2.939 1.386-6.233 0.005*
Age (years) 0.965 0.935-0.996 0.027* 1.031 1.006-1.057 0.016"
Disease duration (months) 1011 1.001-1.021 0.028* 0.988 0.980-0.996 0.003*
Disease activity (simple CDAI) 1.083 0.868-1.351 0.480
Endoscopic activity (SES-CD) 1.086 0.989-1.192 0.044* 0.923 0.855-0.996 0.040*
PNI 0.962 0.924-1.001 0.055 1.082 0.966-1.212 0.174
Lymphocyte (107/L) 0.936 0.399-2.196 0.880
Hemoglobin (g/L) 0.976 0.944-1.009 0.157
PLR 1.003 0.999-1.008 0.128
ESR (mm/h) 0.992 0.975-1.010 0.382
Serum albumin (g/L) 1.128 0.991-1.285 0.069 1.079 1.009-1.154 0.027*
Serum prealbumin (g/L) 0.991 0.979-1.002 0.116
Serum cholinesterase (u/L) 1.000 0.999-1.000 0.101
Serum calcium (mmol/L) 0.252 0.033-1.954 0.187
Serum urea (mmol/L) 0.723 0.527-0.993 0.045* 1.255 0.998-1.579 0.052
Serum creatinine (umol/L) 0.936 0.892-0.981 0.006* 1.037 1.011-1.063 0.005*
Serum retinol-binding protein (g/L) 1.018 0.977-1.061 0.384
Creatinine/cystatin C 1.000 0.983-1.018 0.990

The variables with p<0.100 were calculated by logistic regression. *Two-tailed p<0.05 was considered to be statistically significant. PLR: platelet-lymphocyte
ratio; ESR: erythrocyte sedimentation rate; PNI: prognostic nutritional index.
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The CD-associated skeletal muscle loss was largely related
to the duration of disease and the severity of disease activity,
especially endoscopic disease activity. In our study, disease
duration and SES-CD were independently associated with low
L3SMLI. The chronic, relapsing, persistent systemic inflamma-
tion increased disease severity with complications, longstand-
ing active disease, and disease affecting small bowel absorption
leading to CD-associated muscle loss'>. Endoscopic disease
activity may contribute to the development of malnutrition
and sarcopenia by the mechanisms of malabsorption, enteric
nutrient loss, and reduced energy intake due to disease man-
ifestations'. Endoscopic disease activity was associated with
high-level inflammation markers (such as NLR, PLR, and
CRP) and poor nutrition markers (such as serum albumin,
prealbumin, hemoglobin, and PNI). Thus, inflammation and
nutrition play important roles in the occurrence and develop-
ment of sarcopenia. This means that the primary treatment
target of endoscopic healing in CD may be a benefit for the
disease-related skeletal muscle loss.

Malnutrition was a highly prevalent complication in patients
with IBD driven to bad outcomes. It was considered to be a
principal mechanism involved in the genesis of sarcopenia'“.
During the malnutrition screening of NRS2002 and PNI, there
was no significant difference between the two groups, partially
because current malnutrition screening tools do not incorpo-
rate IBD-specific characteristics such as physician global assess-
ment, steroid therapy, and endoscopic disease activity. These
tools were considered to be less adequate for screening malnu-
tritional CD patients'®. The common nutritional status markers
including albumin, prealbumin, retinol-binding protein, and
cholinesterase were significantly reduced in low muscle mass
patients. Notably, serum albumin independently predicts the

low muscle mass of CD patients.
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