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Abstract

Background/purpose

An increased prevalence of non-alcoholic fatty liver disease (NAFLD) is observed in patients

with inflammatory bowel disease (IBD) in Western countries. Both intestinal inflammation

and metabolic factors contribute to the pathogenesis of IBD-associated NAFLD. The burden

of NAFLD is not clear in the Asian population. This study aimed to evaluate the prevalence

of NAFLD and liver fibrosis in a cohort of Taiwanese patients with IBD.

Methods

From January to December 2019, patients with IBD who underwent ultrasound examination

were enrolled. Hepatic steatosis and fibrosis were measured with liver stiffness measure-

ment (LSM) and controlled attenuation parameter (CAP) using FibroScan. Patients with a

history of excessive alcohol or recent steroid use were excluded. Univariate and multivariate

analysis were performed.

Results

A total of 81 consecutive patients were enrolled and included in the analysis (45 with ulcera-

tive colitis, 36 with Crohn’s disease). The median age was 42 years old. The patients were

classified in terms of body mass index as normal weight (54.3%), underweight (11.1%),

overweight (28.4%), and obese (6.2%). The mean CAP increased to 162.22 dB/m in the

underweight group, 210.86 dB/m in the normal weight group, 260.7 dB/m in the overweight

group, and 274.0 dB/m in the obese group. NAFLD was observed in 29.6% of the patients,
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1.2% of which had significant fibrosis. Increased body mass index (odds ratio [OR] 1.33,

95% confidence interval [CI] 1.1–1.62) and older age at IBD diagnosis (OR: 1.05, 95% CI

1–1.11) was found to be associated with the presence of NAFLD.

Conclusion

In this study, the prevalence of NAFLD was lower (29.6%) in IBD patients than in the West-

ern population. Higher BMI and older age were associated with NAFLD in our study.

Introduction

Inflammatory bowel disease (IBD, including ulcerative colitis [UC] and Crohn’s disease [CD])

is a chronic inflammatory disease affecting the gastrointestinal tract that has seen increased

incidence and prevalence in Asia in the 21st century [1–4]. Non-alcoholic fatty liver disease

(NAFLD) is becoming the most common chronic liver disease in the world, surpassing

chronic hepatitis B [5] and hepatitis C [6] and affecting 22.28%–51.04% of the Asian popula-

tion [7]. IBD and NAFLD were traditionally Western diseases and are now being increasingly

observed in the Asian population owing to Westernization.

Non-alcoholic fatty liver disease had been rarely described in patients with IBD [8] before

the introduction of modern treatments for the disease. These patients had been traditionally

viewed as underweight and/or malnourished due to uncontrolled bowel inflammation. Now,

with the advent of more effective therapy, these patients may become more overweight and

obese compared with those of the general population [9–11]. Consequently, these patients are

at increased risk of developing NAFLD [8] and the subsequent risk of developing liver cirrho-

sis and hepatocellular carcinoma [7], especially those with concurrent use of hepatotoxic

agents for IBD. In a recent meta-analysis of 27 studies, the prevalence of NAFLD among IBD

patients was found to be statistically significantly higher than that in the general population

(32% vs 25.2%; P < 0.001) [9]. However, the majority of the study involves reports from West-

ern countries and only one article described the presence of NAFLD in 21.8% of CD patients

from Japan [12].

Transient elastography (TE) is a non-invasive test that is quick and easy to perform, with

high accuracy and reproducibility in detecting advanced fibrosis and cirrhosis [11, 13–15].

The controlled attenuation parameter (CAP) is the measurement of the degree of ultrasound

attenuation caused by hepatic fat at the central frequency of the FibroScan [11, 13–15]. The

simultaneous measurement of TE and CAP is currently feasible in one machine and helps cli-

nicians choose the treatment for various chronic liver diseases [6, 14, 16, 17]. To date, only a

few studies have focused on concurrent IBD and NAFLD in the Asian population [9, 12]. The

aim of our study was to investigate the prevalence of and the factors associated with NAFLD in

an Asian population with IBD.

Materials and methods

The medical records of patients diagnosed with IBD at Changhua Christian Hospital, Taiwan,

were retrospectively reviewed from January 2019 to December 2019. From January 2018,

patients diagnosed with IBD, including UC and CD, had received integrated hospital care

from a trained IBD nurse (Ms. Hsu TC). Patients received at least one annual laboratory exam-

ination for disease monitoring. From January 2019, the in-hospital screening program for liver
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disease for patients with IBD included abdominal ultrasound screening and liver stiffness mea-

surements (LSM) with the CAP for the screening of liver fibrosis and steatosis. The LSMs and

CAP measurements were performed using FibroScan (Echosens) by one experienced operator

(Ms. Wu L) who has had more than 25 years’ experience of ultrasound examination and had

performed more than 5000 FibroScan examinations [11, 14]. All patients were evaluated using

the 3.5 MHz standard M probe. Both the LSM and CAP value were obtained simultaneously.

Ten LSMs were recorded, and the median value was calculated by the equipment as the final

score. The following liver stiffness cutoff values were used for staging: F0,�6.5 kPa; F1,�8

kPa; F2,�9.5 kPa; F3,�12 kPa, and F4, >12 kPa [13, 18]. The diagnosis of NAFLD was

defined as the median value of CAP�248 dB/m [13, 17]. The liver steatosis ultrasound read-

ings were graded as normal, mild, moderate, and severe [19] by one operator (Ms. Wu L).

Patients were classified according to BMI: underweight, BMI < 18.5; normal weight,

18.5� BMI< 25.0; overweight if 25.0� BMI < 30.0; and obese if BMI� 30.0. Patients

enrolled in the present study met the following inclusion criteria: (1) documented diagnosis of

CD or UC for more than 6 months and (2) abdominal ultrasound and LSM and CAP examina-

tion during clinical remission. The exclusion criteria were as follows: (1) hazardous alcohol

intake and (2) lack or failure of LSM examination or unreliable measurement. The following

variables were extracted from medical records: age, sex, disease type, age at diagnosis, surgical

history, laboratory measurements and comorbidities, including hypertension, diabetes, and

dyslipidemia. The requirement for informed consent for data extraction was waived by the

institutional review board because the study involved minimal risk. This study was approved

by the institutional review board of Changhua Christian Hospital (approval number: CCH

IRB 190814).

Statistical analysis

The extracted data were organized using Microsoft Excel and analyzed using MedCalc Statisti-

cal Software version 19.16 (MedCalc Software bvba, Ostend, Belgium; https://www.medcalc.

org; 2020). Continuous data were expressed as mean and standard deviation or as median and

interquartile range (IQR) for normally and non-normally distributed data, respectively. Cate-

gorical variables were presented as numbers and percentages. The mean values with normally

distributed variables were compared using the independent sample’s Student’s t-test. The

Mann–Whitney U-test and Kruskal–Wallis test were used to compare the mean values of 2

and�3 groups of non-normally distributed variables, respectively. Multivariate logistic regres-

sion analysis was performed to identify factors associated with NAFLD. Selected variables with

p-value<0.10 from crude mode for backward elimination procedure in the multivariable

model. All P-values < 0.05 were considered statistically significant.

Results

Clinical features of patients with IBD

A total of 81 patients with IBD (CD/UC: 36/45) met the inclusion criteria. The clinical charac-

teristics of all patients are presented in Table 1. The mean age of the patients was 43.54 years,

and the majority were men (71.6%). The median disease duration was 4 years, and the median

BMI was 22.41 kg/m2. Patients with CD had a high bowel resection rate (50% vs 2.2%,

p< 0.001) and a higher proportion of biologic agent use compared with those with UC (66.7%

vs 11.1%, p< 0.001). Significant liver fibrosis (estimated liver fibrosis� F2) was found in 4.9%

of patients, of which, 1.2% had liver cirrhosis. About 11.1% of patients were classified as under-

weight, and 6.2% were obese. The CAP value increased with increasing weight and severity of
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Table 1. Patient baseline characteristics.

All Patients CD UC

Number of cases (n = 81) (n = 36) (n = 45) P-value

Age, year ± SD 43.54 ± 14.42 40.33 ± 14.38 46.11 ± 14.08 0.073

Gender (Male), n (%) 58 (71.6%) 28 (77.8%) 30 (66.7%) 0.270

BMI, kg/m2 22.41 (20.31–25.56) 22.35 (19.52–25.76) 22.58 (20.83–25.51) 0.509

IBD duration, year 4 (3–8) 4 (3–7) 4 (2–10) 0.962

Age at disease onset, year 37.26 ± 13.16 34.58 ± 12.94 39.4 ± 13.08 0.102

Bowel resection, n (%) 19 (23.5%) 18 (50%) 1 (2.2%) <0.001

Weight class

Underweight 9 (11.1%) 5 (13.9%) 4 (8.9%) 0.501

Normal weight 44 (54.3%) 19 (52.8%) 25 (55.6%) 0.980

Overweight 23 (28.4%) 10 (27.8%) 13 (28.9%) 1.000

Obese 5 (6.2%) 2 (5.6%) 3 (6.7%) 1.000

Hypertension 5 (6.2%) 3 (8.3%) 2 (4.4%) 0.651

Diabetes mellitus 4 (4.9%) 3 (8.3%) 1 (2.2%) 0.318

Hyperlipidemia 1 (1.2%) 1 (2.8%) 0 0.444

Use of anti-TNF 29 (35.8%) 24 (66.7%) 5 (11.1%) <0.001

Use of anti-integrin 6 (7.4%) 4 (11.1%) 2 (4.4%) 0.399

Hepatitis B, n (%) 8 (9.9%) 3 (8.3%) 5 (11.1%) 0.727

Hepatitis C, n (%) 2 (2.5%) 1 (2.8%) 1 (2.2%) 1.000

Gallbladder stone, n (%) 8 (9.9%) 6 (16.7%) 2 (4.4%) 0.130

Steatosis on ultrasound

No 53 (65.4%) 22 (61.1%) 31 (68.9%) 0.620

Mild 17 (21%) 6 (16.7%) 11 (24.4%) 0.562

Moderate/Severe 11 (13.6%) 8 (2.2%) 3 (6.7%) 0.054

WBC, ×103/μL 5.7 (4.9–7.2) 5.55 (4.85–7.2) 5.8 (4.9–7.5) 0.631

Seg, % 61.99 ± 11.07 61.99 ± 11.81 61.99 ± 10.58 1.000

Lym, % 28.4 (20.2–32.8) 28.05 (19.55–35.75) 29.9 (20.4–32.1) 0.820

Hb, g/dL 13.9 (12.7–14.6) 13.4 (12.15–14.6) 14.1 (12.9–14.7) 0.337

Platelet, ×103/μL 266 (220–327) 256.5 (206–333) 268 (221–301) 0.604

ESR 11 (5–19) 11 (5.5–28) 9 (5–16) 0.345

Albumin, g/dL 4.4 (4–4.6) 4.3 (3.9–4.6) 4.4 (4.1–4.5) 0.248

GOT, U/L 23 (19–27) 24 (18–27.5) 22 (19–27) 0.801

GPT, U/L 16 (12–26) 18 (12–27) 16 (13–23) 0.962

CRP, mg/dL 0.1 (0.04–0.46) 0.11 (0.04–0.67) 0.1 (0.05–0.34) 0.665

Creatinine, mg/dL 0.83 ± 0.2 0.85 ± 0.18 0.81 ± 0.21 0.416

eGFR, mL/min/1.73m^2 100.77 ± 21.77 101.32 ± 22.9 100.33 ± 21.08 0.840

FIB-4 0.82 (0.56–1.29) 0.78 (0.45–1.22) 0.88 (0.62–1.43) 0.387

Elasticity, kPa 5.1 (4.2–5.8) 5 (4.05–5.7) 5.2 (4.3–5.8) 0.992

CAP, dB/m 223.53 ± 56.73 221.28 ± 67.18 225.33 ± 47.48 0.761

NAFLD, CAP � 248 dB/m 24 (29.6%) 11 (30.6%) 13 (28.9%) 0.870

LSM estimated fibrosis stage

F0 71 (87.7%) 31 (86.1%) 40 (88.9%) 0.745

F1 6 (7.4%) 2 (5.6%) 4 (8.9%) 0.688

F2 3 (3.7%) 2 (5.6%) 1 (2.2%) 0.582

F4 1 (1.2%) 1 (2.8%) 0 0.444

Data are expressed as n (%), median (interquartile range), or mean ± standard deviation. Categorical variables were compared using the χ2 test or the Fisher’s exact test;

continuous variables were compared using the Student’s t-test or the Mann–Whitney U-test. CD, Crohn’s disease; UC, ulcerative colitis; BMI, body mass index; IBD,

irritable bowel disease; TNF, tumor necrosis factor; WBC, white blood count; Seg,; Lym,; Hb, hemoglobin; ESR,; GOT,; GPT,; CRP, C-reactive protein; FIB-4,; eGFR,

estimated glomerular filtration rate; CAP, controlled attenuation parameter; LSM,.

https://doi.org/10.1371/journal.pone.0252286.t001
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fatty change on ultrasound (Figs 1 and 2). The distribution of body weight based on CAP and

LSM was similar between CD and UC patients. Gallstones were found in 9.9% of patients.

Comparison of patients with and without NAFLD

In our cohort, the presence of NAFLD, defined as CAP� 248 dB/m, was observed in 29.6% of

patients (Table 2). Age, sex, disease type, history of bowel resection, and drugs used were simi-

lar between those with NAFLD and those without NAFLD. Compared with patients without

NAFLD, those with NAFLD had higher BMI (25.85 vs 21.5, p< 0.001), shorter disease dura-

tion (3 vs 5 years, p = 0.028), older age at disease diagnosis (42.17 vs 35.19, p = 0.028), higher

proportion of anti-integrin use (16.7% vs 1.8%, p = 0.025), higher GPT level (23 vs 15,

p = 0.019), higher creatinine level (0.92 vs 0.79, p = 0.007). No patients in the underweight

class were diagnosed with NAFLD in this cohort.

Table 3 shows the results of multivariate analyses for predictors of NAFLD. After adjust-

ments, BMI (odds ratio [OR]: 1.33, 95% confidence interval [CI]: 1.1–1.62; p = 0.004) and age

at IBD diagnosis (OR: 1.05, 95% CI: 1–1.11; p = 0.045) were the independent predictive factors

of NAFLD.

Discussion

Our study reveals several important findings, namely, the prevalence of NAFLD and the iden-

tification of independent predictive factors for NAFLD in an Asian population with IBD.

NAFLD was observed in 29.6% of our patients, 1.2% of which had significant fibrosis.

Increased BMI and age at IBD diagnosis were found associated with the presence of NAFLD.

Fig 1. Differences in the FibroScan controlled attenuation parameter (CAP) scores (vertical line) between the

different weight classes (horizontal line). Data are expressed as mean ± standard error. �P< 0.05 and ���P< 0.001.

https://doi.org/10.1371/journal.pone.0252286.g001
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To our knowledge, only a few studies reported the screening of NAFLD in Asian patients with

IBD [9, 10, 20–22], and our study was the first report using CAP technology.

After hepatitis B vaccination and hepatitis C elimination programs [6, 23, 24] were intro-

duced, NAFLD has become the most common chronic liver disease in the world [7, 25, 26],

which poses the subsequent risk of progression to liver cirrhosis and the development of hepa-

tocellular carcinoma. The prevalence of NAFLD has seen a rapid increase in the Asian popula-

tion in the past decade [7, 25], with the highest prevalence in Iran (64.29%) and the lowest in

Taiwan (30.79%) [7]. During the same period, the incidence of IBD has increased worldwide,

particularly in the Asia-Pacific region [1, 2]. Our recent national cohort study in Taiwan

reported a six-fold increase in the prevalence of IBD over the past 15 years. The importance of

the co-existence of IBD and NAFLD is being increasingly recognized [8, 12, 20]. The preva-

lence of NAFLD among patients with IBD varied by the region and time period studied [8] in

particular the advance of medical therapy in conjunction with larger societal trends in weight

gain in the 21st century. The prevalence of NAFLD among patients with IBD ranges from 6%

to 67% with a pooled overall prevalence from 19 studies that included 5620 patients with IBD

of 27.5% [9, 12, 20]. An increased prevalence of NAFLD among patients with IBD compared

with the general population was observed in North America (43% vs 24.1%) and Europe (31%

vs 23.7%) [9, 27]. However, data regarding the epidemiology NAFLD among IBD patients

from Asia are lacking. Shintaro et al. [12] reported an increased prevalence of NAFLD among

303 CD patients compared with the general population (21.8% vs 7.9%). Our present study is

the first hospital-based study reporting the prevalence of NAFLD among patients with IBD

that was comparable to previous reports on the general population in Taiwan [7]. The

Fig 2. Differences in the FibroScan controlled attenuation parameter (CAP) scores (vertical line) between

different ultrasound fatty (horizontal line) grades. Data are expressed as mean ± standard error. ���P< 0.001.

https://doi.org/10.1371/journal.pone.0252286.g002
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Table 2. Comparison of patient characteristics with and without NAFLD.

Variable All Patients NAFLD No NAFLD

Case number (n = 81) (n = 24) (n = 57) P-value

Age, year 43.54 ± 14.42 46.63 ± 12.44 42.25 ± 15.08 0.214

Gender, male, % 58 (71.6%) 18 (75%) 40 (70.2%) 0.660

BMI, kg/m2 22.41 (20.31–25.56) 25.85 (24.9–27.43) 21.5 (19.68–23.71) <0.001

Weight class

Underweight 9 (11.1%) 0 9 (15.8%) 0.052

Normal weight 44 (54.3%) 6 (25%) 38 (66.7%) 0.001

Overweight 23 (28.4%) 15 (62.5%) 8 (14%) <0.001

Obese 5 (6.2%) 3 (12.5%) 2 (3.5%) 0.151

Crohn’s disease 36 (44.4%) 11 (45.8%) 25 (43.9%) 0.870

IBD duration, year 4 (3–8) 3.5 (2–5) 5 (3–10) 0.028

Age at IBD diagnosis, year 37.26 ± 13.16 42.17 ± 11.83 35.19 ± 13.23 0.028

Bowel resection, n (%) 19 (23.5%) 8 (33.3%) 11 (19.3%) 0.173

Use of Biologic agent 29 (35.8%) 10 (41.7%) 19 (33.3%) 0.475

Use of anti-TNF 6 (7.4%) 1 (4.2%) 5 (8.8%) 0.664

Use of anti-integrin 5 (6.2%) 4 (16.7%) 1 (1.8%) 0.025

Diabetes mellitus 4 (4.9%) 3 (12.5%) 1 (1.8%) 0.076

Hyperlipidemia 1 (1.2%) 1 (4.2%) 0 0.296

Gallbladder stone, n (%) 8 (9.9%) 4 (16.7%) 4 (7%) 0.228

Steatosis on ultrasound

No 53 (65.4%) 4 (16.7%) 49 (86%) <0.001

Mild 17 (21%) 10 (41.7%) 7 (12.3%) 0.008

Moderate/Severe 11 (13.6%) 10 (41.7%) 1 (1.8%) <0.001

WBC, ×10^3/μL 5.7 (4.9–7.2) 5.6 (4.75–7.6) 5.7 (4.9–7.2) 0.698

Seg, % 61.99 ± 11.07 59.2 ± 10.89 63.17 ± 11.03 0.141

Lym, % 28.4 (20.2–32.8) 31.55 (23.35–36.85) 26.2 (19–31.7) 0.080

Hb, g/dL 13.9 (12.7–14.6) 14 (13.4–14.75) 13.4 (12.3–14.5) 0.145

Platelet, ×103/μL 266 (220–327) 253 (197.5–285) 268 (220–330) 0.230

ESR 11 (5–19) 10 (3.5–15.5) 11 (5–22) 0.295

Albumin, g/dL 4.4 (4–4.6) 4.4 (4.2–4.6) 4.3 (4–4.5) 0.383

GOT, U/L 23 (19–27) 25.5 (18–30) 22 (19–26) 0.236

GPT, U/L 16 (12–26) 23 (15.5–30.5) 15 (12–23) 0.019

CRP 0.1 (0.04–0.46) 0.11 (0.05–0.36) 0.1 (0.04–0.59) 0.942

Creatinine, mg/dL 0.83 ± 0.2 0.92 ± 0.23 0.79 ± 0.17 0.007

eGFR, mL/min/1.73m2 100.77 ± 21.77 89.78 ± 19.9 105.4 ± 21 0.003

Neutrophil-to-lymphocyte ratio 2.2 (1.66–3.47) 1.77 (1.42–2.88) 2.45 (1.74–3.8) 0.080

Elasticity, kPa 5.1 (4.2–5.8) 5.25 (4.9–6.1) 5 (4–5.6) 0.158

CAP, dB/m 223.53 ± 56.73 294.46 ± 34.62 193.67 ± 32.26 <0.001

LSE estimated fibrosis stage

F0 71 (87.7%) 19 (79.2%) 52 (91.2%) 0.152

F1 6 (7.4%) 3 (12.5%) 3 (5.3%) 0.354

F2 3 (3.7%) 1 (4.2%) 2 (3.5%) 1.000

F4 1 (1.2%) 1 (4.2%) 0 0.296

Data are expressed as n (%), median (interquartile range), or mean ± standard deviation. Categorical variables were compared using the χ2 test or the Fisher’s exact test;

continuous variables were compared using the Student’s t-test or the Mann–Whitney U-test. NAFLD, non-alcoholic fatty liver disease; BMI, body mass index; IBD,

irritable bowel disease; TNF, tumor necrosis factor; WBC, white blood count; Seg,; Lym,; Hb, hemoglobin; ESR,; GOT,; GPT,; CRP, C-reactive protein; eGFR, estimated

glomerular filtration rate; CAP, controlled attenuation parameter; LSE,.

https://doi.org/10.1371/journal.pone.0252286.t002
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prevalence of NAFLD is low in our population (45.3%–71%) compared with that in Western

countries [11, 13] as assessed using CAP. The prevalence rates of significant liver fibrosis

(4.9%) in our cohort was lower than those reported for Western countries (12.2%) [11].

Both IBD and NAFLD involve a complex interplay between environmental and genetic fac-

tors. Chronic intestinal and hepatic inflammation may leads to the development of atheroscle-

rosis and subsequent cardiovascular diseases [28]. Chiara et al. [11] reported NAFLD/IBD

patients had increased cardiovascular and chronic renal diseases than those without NAFLD.

Understanding the underlying causes and predisposing factors of NAFLD among patients

with IBD is important to designing therapeutic strategies and improving patient prognosis [9,

14, 29]. The risk of developing NAFLD in the general population is related to diabetes, dyslipi-

demia, and obesity [7, 21]. In patients with IBD, disease-related factors, such as disease dura-

tion (mean difference, 1.59 years; 95% CI, 0.66–2.54) and previous intestinal surgery (odds

ratio [OR] 1.39; 95% CI, 1.01–1.93), were proposed as precipitating factors for the develop-

ment of NAFLD [9, 20]. The role of steroids and immunosuppressive medications remains

controversial [9, 20, 30]. Only older age at IBD diagnosis and increased BMI were found as the

independent predictive factors of NAFLD in our study. This may reflect the different genetic

and environmental risk factors of NAFLD/IBD between the Eastern and Western populations

[2, 7, 31, 32].

As NAFLD is mostly clinically silent, the recent guidelines did not address the specific

assessment of NAFLD in the population with IBD [3, 4, 33]. The current gold standard for

classifying the severity of chronic liver disease relies on liver biopsy specimens. The present

study utilized TE with CAP technology that was available for the treatment evaluation of

patients with chronic hepatitis B or C [6, 17, 18]. The procedure is non-invasive and provides

quantitative information compared with abdominal ultrasonography, which can only grade

patients for fatty liver status. In addition, TE with CAP is cost-effective and more widely avail-

able compared with MRI [34, 35]. The TE techniques had been used previously to evaluate

IBD patients treated with methotrexate for screening and follow-up of liver fibrosis [36]. As

Table 3. Multivariable analysis of factors associated with NAFLD.

Risk Factor Univariate Multivariate

crude OR (95% CI) P-value adjusted OR (95% CI) P-value

Age, y 1.02 (0.99–1.06) 0.213 -- --

Gender (Male) 1.27 (0.43–3.77) 0.661 -- --

BMI, kg/m2 1.42 (1.18–1.72) <0.001 1.33 (1.1–1.62) 0.004

Crohn’s disease 1.08 (0.42–2.82) 0.870 -- --

IBD duration, year 0.89 (0.79–1) 0.058 0.87 (0.74–1.03) 0.101

Age at IBD diagnosis, year 1.04 (1–1.08) 0.033 1.05 (1–1.11) 0.047

Bowel resection 2.09 (0.71–6.12) 0.178 -- --

Use of anti-TNF 1.43 (0.54–3.81) 0.476 -- --

Use of anti-integrin 0.45 (0.05–4.09) 0.480 -- --

Hypertension 11.2 (1.18–106.26) 0.035 -- --

Diabetes mellitus 8 (0.79–81.25) 0.079 -- --

Hyperlipidemia 4003568142 (0–0) 1.000 -- --

Hepatitis B 1.49 (0.33–6.78) 0.609 -- --

Hepatitis C 0 (0–0) 0.999 -- --

Creatinine, mg/dL 33.8 (2.18–525.09) 0.012 15.61 (0.51–475.19) 0.115

OR, odds ratio; CI, confidence interval; IBD, irritable bowel disease; TNF, tumor necrosis factor.

https://doi.org/10.1371/journal.pone.0252286.t003
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intestinal ultrasound for is increasingly used for monitoring IBD disease activity [37], TE with

P technology is feasible to be performed in the same unit as point-of-care service. We believe

such evaluation may be helpful in improving IBD patient care, although the optimal interval

and benefits are yet to be studied.

The study had several limitations. First, the study size is limited due to the low prevalence

rate of IBD in Taiwan [38]. Our study was conducted retrospectively at a single medical center;

therefore, we may have included patients with more severe IBD requiring therapy in the ter-

tiary care unit. Some patients were referred from primary care units, we were unable to assess

the cumulative steroid dosage in the clinical history of all patients in the present study. Second,

the current study includes patients with other liver diseases (e.g. chronic viral hepatitis). This

limits adequate distinction between fatty liver due to metabolic syndrome and obesity versus

drug-induced liver injury and drug-induced hepatic steatosis[39, 40]. Third, the Taiwan

national insurance system provides lipid profile check-ups for those aged over 40, but the

majority of our patients were younger than 40. Therefore, not all patients had laboratory data

on sugar and lipid levels for further investigation on the association of metabolic syndrome

and IBD. Therefore, TE with the controlled attenuation parameter technology is a relatively

new method for the assessment of IBD, and no valid criteria for the classification of steatosis

and fibrosis specific for these patients have been established [11, 14]. Hence, larger-scale and

longer-term follow-up studies should be conducted to evaluate the use of such a technique in

patients with IBD.

Conclusions

In this study, we report the first result of NAFLD prevalence in an Asian population utilizing

controlled attenuation parameter technology. The prevalence is currently low compared in

our population with the Western population. Higher BMI and elder age are associated with

the presence of NAFLD in our study.
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