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Purpose: To explore the correlation of low-density lipoprotein (LDL) and high-density lipoprotein (HDL) with inflammatory bowel 
disease activity and their value in predicting disease activity.
Patients and methods: Clinical data of 490 adult IBD patients diagnosed in two IBD centers were collected, and 200 healthy people 
were served as controls. To evaluate the correlation of IDL and HDL with clinical and endoscopic activity of inflammatory bowel 
disease (IBD), and to explore the predictive value of them for disease activity.
Results: In CD, there were differences in HDL, CRP and ESR levels (p<0.001) among different disease activity groups. HDL levels 
were negatively correlated with HBI and CDEIS. In UC, there were differences in LDL, HDL, CRP and ESR levels among groups 
with different disease activities (p<0.001). Both LDL and HDL levels were negatively correlated with Mayo clinical score and UCEIS 
(p<0.001). The sensitivity of LDL for predicting moderate-severe UC was slightly higher than CRP (65.65% vs 60.31%). The 
specificity of HDL in predicting moderate-severe CD (65.85% vs 52.44%) and UC (87.34% vs 79.75%) was higher than CRP.
Conclusion: In patients with IBD, serum levels of both LDL and HDL were significantly lower compared to healthy controls. These 
levels correlated with disease activity. Furthermore, LDL and HDL levels demonstrated potential utility in distinguishing patients with 
moderate-severe IBD and show promise as monitoring biomarkers for IBD.
Keywords: inflammatory bowel disease, lipoprotein, activity assessment

Introduction
Inflammatory bowel disease is a group of chronic nonspecific intestinal diseases, including ulcerative colitis (UC) and Crohn’s 
disease (CD), characterized by remission and relapse. The current incidence of IBD in Asia is 1.4 cases per 100,000.1 Among 
the Asia Pacific Crohn’s and Colitis Epidemiologic Study countries, the incidence of IBD in India is 9.3 per 100,000 person- 
years and in China is 3.3 per 100,000.1 Gut microbiota, immune response, external environment and individual genetic 
susceptibility are closely related to the occurrence and development of IBD.2,3 IBD is currently incurable and has a tendency to 
recur and exacerbate. Effective monitoring and evaluation of the disease is required, which helps physicians to adjust 
treatment plans in a timely manner based on disease activity, lesion severity, complications, and patient response to drugs. 
Endoscopic assessment is considered to be the “gold standard” for evaluating intestinal lesions and plays a very important role. 
However, endoscopy is an invasive procedure with certain risks, which often makes patients feel uncomfortable and is 
expensive. Frequent endoscopy is painful for patients. In clinical practice, C-reactive protein (CRP) and erythrocyte 
sedimentation rate (ESR) are the most commonly used biomarkers for monitoring IBD activity. However, the two are easily 
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affected by various factors in the body, and are also elevated in infection, cancer, and cardiovascular disease.4 Fecal 
calprotectin (FC) has begun to be used in the assessment of intestinal inflammation in some regions. However, due to the 
fact that there is no uniform standard for its cut-off value, and the technical conditions of detection FC are limited, it is still not 
widely used in medical institutions. Therefore, we need to find a more widely applicable and easily detectable biomarker to 
monitor the activity of the disease.

Studies have shown that inflammation and lipid metabolism interact with each other.5,6 Inflammation can lead to the 
accumulation of intracellular lipids and the loss of the function of lipoproteins. Conversely, the imbalance of lipid metabolism 
can also cause inflammatory responses and the release of inflammatory factors. Dyslipidemia has been demonstrated in some 
chronic inflammatory diseases, such as systemic lupus erythematosus (SLE), which has a particular pattern of dyslipoprotei
nemia characterized by low HDL levels and increased triglycerides in flares aggravated.7 Atherosclerosis is considered 
a chronic inflammatory process, and dyslipidemia is a major risk factor for coronary artery disease. Diets high in saturated 
fatty acids and processed meats have been found to exacerbate the risk of IBD.8 In contrast, a high-fiber diet was associated 
with a 40% reduction in CD risk.9 This may be attributed to the production of short-chain fatty acids with anti-inflammatory 
properties by colonic bacteria during digestion of dietary fiber.10 It has been reported that six lipid species and seven 
metabolites were significantly altered in IBD patients, with the majority belonging to glycerophospholipid, linoleic acid, 
and sphingolipid metabolisms.11 Compared to CD, five lipid species and only one metabolite were significantly increased in 
UC. It is suggested that serum lipid and metabolite profiles may be used as monitoring indicators for IBD and to distinguish 
CD from UC.11 In the treatment of IBD, delivery systems using a variety of materials such as polymers, silica, chitosan (CS), 
liposomes and cell membranes have been successfully developed. Cell membrane nanomaterials composed of phospholipids 
and glycoproteins have been used for drug delivery in inflammatory bowel disease.12

There are geographical differences in the incidence and clinical manifestations of IBD. At present, there are 
inconsistent conclusions about serum lipid levels in IBD patients, and there is a lack of research on the correlation 
between IBD disease activity and serum lipid levels. The aim of this study was to describe the LDL and HDL levels of 
Chinese IBD patients, to explore their correlation with IBD disease activity and their value in disease activity assessment.

Methods
Study Design and Patient
In this retrospective study, electronic medical charts of patients with IBD were collected from Wuhan Union Hospital and Tongji 
Hospital, which are top tertiary referral centres and IBD centres in China. Between December 2015 and December 2022, data on 
patient demographic information, clinical symptoms, comorbidities, complications, treatments, laboratory test, imaging exam
ination, endoscopy findings and pathology reports were collected. The diagnosis of IBD was confirmed after review of admission 
notes, laboratory, radiological, endoscopic and histological reports. Lipid measurements were obtained for each patient only on 
the second day of admission. Inclusion criteria were as follows: a) age from 18 to 65 years; b) all patients underwent endoscopy 
and the clinical data were complete. Exclusion criteria were as follows: a) combined with other autoimmune diseases, including 
rheumatoid arthritis, systemic lupus erythematosus, ankylosing spondylitis, etc; b) a history of hyperlipidemia, liver cirrhosis, 
asthma, malignancy; c) currently experiencing bacterial or viral infection; d) a history of taking lipid-lowering drugs or were 
taking lipid-lowering drugs. Healthy subjects were included as the control group.

Assessment of Disease Activity
The Montreal classification was used to classify the location and behavior of the disease.13 Clinical disease activity was 
measured by the Harvey–Bradshaw Index (HBI)14 for CD and the modified Mayo clinical score for UC.15 Clinical 
activity was defined as HBI >4 for CD or Mayo clinical score >2 for UC. Crohn’s Disease Endoscopic Index of Severity 
(CDEIS) score was used for endoscopically active of CD patients, CDEIS ≤ 3 suggested inactive.16,17 The Ulcerative 
Colitis Endoscopic Index of Severity (UCEIS) served for endoscopic scoring and a UCEIS = 0 indicated remission.18 All 
patients underwent endoscopy by experienced physicians.
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Statistical Analysis
Continuous variables were described as medians and interquartile ranges (IQRs), and categorical variables were 
expressed as counts and percentages. We adopted the Mann–Whitney U-test or Kruskal–Wallis test to analyze continuous 
variables. Spearman’s rank correlation (r) served as exploring associations between two variables. Receiver operator 
characteristic (ROC) curves were plotted to estimate the thresholds for LDL, HDL, CRP and ESR in assessing moderate- 
severe disease activity. Comparing the sensitivity, specificity, positive predictive value (PPV) and negative predictive 
value (NPV) of the thresholds. All of the data were analyzed in SPSS version 22.0 and MedCalc 19.5.6. P < 0.05 was 
considered statistically significant.

Results
A total of 490 patients with IBD (280 CD and 210 UC) and 200 healthy controls were enrolled in this study (Table 1). In 
CD patients, the median age was 28 years (IQR, 23–38), and 202 (72.1%) cases were male. There were 62.9% of male in 
UC and the median age was 45 years (IQR, 33–53). Ileocolon (L3) was the most common disease location in CD and 
left-sided colitis disease extent in UC.

Serum Biomarkers Levels and Lipid Profile in Patients with IBD
The median LDL level was 2.11 mmol/L in CD and 2.25 mmol/L in UC, both lower than 2.64 mmol/L (p<0.001) in healthy 
control. And the median HDL level of IBD patients was also lower than that of healthy controls (CD, 1.03 mmol/L vs 
1.23 mmol/L, p<0.001; UC, 1.08 mmol/L vs 1.23 mmol/L, p<0.001). Compared with healthy controls, the levels of CRP 
(p<0.001) and ESR (p<0.001) were significantly higher in IBD patients (Table 2).

In CD, there were no statistically significant differences in LDL levels between different disease activity groups (66 
remission; 98 mild disease activity; 73 moderate disease activity; 43 severe disease activity) (p=0.5). On the contrary, 
there were statistically significant differences in HDL, CRP, ESR, PLT, albumin, and BMI levels (p<0.001). In CD 
patients with severe disease activity, the levels of HDL and albumin were lowest, conversely, both were highest in CD 

Table 1 Demographic and Clinical Characteristics of the Study Population

CD UC Healthy 
Controls

N (%) 280 (57.1) 210 (42.9) 200

Male, n (%) 202 (72.1) 132 (62.9) 140 (70.0)

Median age, yr, (IQR) 28 (23–38) 45 (33–53) 35 (31–43)
Median BMI, kg/m2, (IQR) 18.93 (17.57–20.83) 21.34 (18.79–23.87) –

Median disease duration, yr, (IQR) 34 (12–60) 24 (10–60) –

Median hospital stays, days, (IQR) 7 (5–9) 8 (6–11) –
Montreal classification for UC, n (%)

Proctitis [E1] – 33 (15.7) –

Left-sided colitis [E2] – 87 (41.4) –
Extensive colitis [E3] – 82 (39.0) –

Montreal classification for CD, n (%)

Terminal ileum [L1] 81 (28.9) – –
Colon [L2] 30 (10.7) – –

Ileocolon [L3] 163 (58.2) – –

Medication, n (%)
5-ASA 76 (27.1) 174 (83.7) –

Corticosteroids 24 (8.6) 62 (29.5) –

Azathioprine/Mercaptopurine 37 (13.2) 1 (0.5) –
Thalidomide 9 (3.2) 3 (1.4) –

Biologics 155 (55.4) 14 (6.7) –

Abbreviations: CD, Crohn’s disease; UC, ulcerative colitis; IQR, interquartile range; BMI, body mass index; 5-ASA, 
5-Aminosalicylates.
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remission patients (Table 3). In UC, there were statistically significant differences in LDL, HDL, CRP, ESR, PLT, and 
albumin levels between different disease activity groups (16 remission; 63 mild disease activity; 105 moderate disease 
activity; 26 severe disease activity) (p<0.001). The levels of LDL, HDL and albumin were lowest in patients with severe 
disease activity, while they were highest in UC remission patients (Table 4).

Serum LDL and HDL Levels with IBD Disease Activity
LDL levels were not correlated with HBI, CDEIS, CRP levels, and ESR levels in patients with CD, however, there was 
a negative correlation between HDL and HBI (rs= −0.0341, p<0.001, CDEIS (rs= −0.304, p<0.001), CRP (rs= −0.557, 
p<0.001) and ESR (rs= −0.484 p<0.001), respectively. In UC patients, both LDL levels and HDL levels were negatively 
correlated with Mayo clinical scores, UCEIS, CRP levels and ESR levels respectively. The correlation of HDL and Mayo 
clinical scores was stronger than that of LDL and Mayo clinical scores. Besides, the correlation of HDL and UCEIS was 
stronger than that of LDL and UCEIS. The relationships between LDL, HDL and inflammatory markers were similar to 
those described above (Table 5, Figures 1 and 2).

Table 2 Laboratory Findings of IBD Patients and Healthy Controls

Healthy Controls IBD P value 
(CD)

P value 
(UC)

CD UC

White blood cell count (×109/L) 5.67 (4.87–6.76) 5.62 (4.43–7.19) 6.20 (4.91–7.90) 0.608 0.003

Neutrophil count (×109/L) 3.20 (2.61–3.92) 3.53 (2.49–4.89) 3.90 (2.67–5.16) 0.021 <0.001
Lymphocyte count (×109/L) 1.90 (1.60–2.28) 1.36 (1.02–1.72) 1.61 (1.28–1.94) <0.001 <0.001

Hemoglobin (g/L) 149.00 (137.00–157.00) 124.00 (110.00–138.00) 139.00 (125.00–148.00) <0.001 <0.001

Platelet count (×109/L) 234.50 (200.00–273) 254.50 (196.00–322.00) 240.00 (196.00–307.00) 0.005 0.139
Albumin (g/L) 48.06 (46.52–49.50) 40.15 (36.50–43.57) 40.40 (36.80–43.20) <0.001 <0.001

Total cholesterol (mmol/L) 4.60 (3.95–5.16) 3.56 (3.12–4.05) 3.97 (3.36–4.38) <0.001 <0.001

LDL (mmol/L) 2.64 (2.18–3.11) 2.11 (1.70–2.38) 2.25 (1.90–2.62) <0.001 <0.001
HDL (mmol/L) 1.23 (1.03–1.48) 1.03 (0.82–1.27) 1.08 (0.90–1.29) <0.001 <0.001

Triglycerides (mmol/L) 1.37 (0.95–1.93) 0.98 (0.77–1.21) 1.17 (0.86–1.48) <0.001 <0.001

CRP (mg/L) 0.64 (0.35–1.23) 7.04 (3.02–27.17) 3.20 (3.02–9.15) <0.001 <0.001
ESR (mg/L) 5.00 (2.00–7.00) 12.00 (5.00–28.75) 10.00 (5.00–22.00) <0.001 <0.001

Abbreviations: CD, Crohn’s disease; UC, ulcerative colitis; IBD, inflammatory bowel disease; LDL, low-density lipoprotein; HDL, high-density lipoprotein; CRP, 
C-reactive protein; ESR, erythrocyte sedimentation rate.

Table 3 Comparison Between Indicators Classified According to Different Activity Groups of CD

Remission (n=66) Mild (n=98) Moderate (n=73) Severe (n=43) P value

White blood cell count (×109/L) 5.24 (4.20–6.23) 5.70 (4.54–7.86) 5.49 (4.20–6.99) 6.80 (5.43–7.96) 0.005

Neutrophil count (×109/L) 2.78 (2.09–3.75) 3.53 (2.58–5.11) 3.61 (2.54–5.21) 4.50 (3.65–5.90) <0.001

Lymphocyte count (×109/L) 1.60 (1.36–2.02) 1.37 (1.00–1.70) 1.20 (0.95–1.45) 1.20 (0.91–1.65) <0.001

Hemoglobin (g/L) 139.00 (128.00–147.25) 118.00 (104.75–134.25) 119.00 (106.00–131.50) 122.00 (107.00–135.00) <0.001

Platelet count (×109/L) 204.00 (160.00–255.00) 251.00 (195.00–319.25) 275.00 (221.50–373.50) 308.00 (259.00–369.00) <0.001

Albumin (g/L) 43.90 (41.25–46.32) 39.65 (36.50–42.72) 38.50 (35.15–42.75) 38.40 (34.90–40.70) <0.001

Total cholesterol (mmol/L) 3.94 (3.29–4.29) 3.57 (3.03–3.98) 3.50 (3.15–3.98) 3.41 (2.90–3.71) 0.004

LDL (mmol/L) 2.16 (1.65–2.53) 2.13 (1.79–2.36) 2.18 (1.78–2.38) 1.91 (1.58–2.36) 0.5

HDL (mmol/L) 1.27 (1.03–1.51) 1.01 (0.80–1.21) 0.96 (0.80–1.25) 0.90 (0.80–1.08) <0.001

Triglycerides (mmol/L) 1.02 (0.73–1.38) 1.01 (0.80–1.21) 0.95 (0.77–1.51) 0.94 (0.80–1.28) 0.689

CRP (mg/L) 3.11 (2.86–3.23) 12.17 (3.10–32.15) 12.50 (3.49–37.00) 16.90 (8.16–36.19) <0.001

ESR (mg/L) 4.00 (2.00–7.25) 16.00 (7.00–30.00) 20.00 (8.00–40.00) 19.00 (10.00–3.00) <0.001

BMI (kg/m2) 20.06 (18.53–22.95) 18.73 (17.50–20.61) 18.49 (17.30–19.71) 18.73 (17.24–20.96) <0.001

Hospital stays (days) 4.00 (3.00–6.00) 7.00 (5.00–10.00) 7.00 (6.50–9.00) 9.00 (7.00–13.00) <0.001

Abbreviations: CD, Crohn’s disease; LDL, low-density lipoprotein; HDL, high-density lipoprotein; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; BMI, body 
mass index.
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The Value of LDL and HDL in the Evaluation of Moderate-Severe IBD Activity
Patients with CD and UC were divided into remission-mild activity and moderate-severe activity, respectively. In CD, the 
accuracy of HDL in evaluating moderate-severe disease activity was similar to that of CRP and ESR (AUC=0.617 vs 
AUC=0.671, and AUC=0.691, respectively), and, the specificity of HDL (65.85%) was higher than CRP (52.44%) and 
ESR (60.98%). In this study, LDL (p=0.6099) could not be used to distinguish between remission-mild and moderate- 
severe CD activity (Table 6 and Figure 3).

In UC, both LDL and HDL could be used to evaluate whether the disease was moderate-severe activity. The 
sensitivity of LDL was slightly higher than that of CRP (65.65% vs 60.31%, p=0.0390). The specificity and sensitivity 
of HDL in evaluating moderate-severe disease activity were 87.34% and 46.56%, respectively (Table 6 and Figure 4).

Table 4 Comparison Between Indicators Classified According to Different Activity Groups of UC

Remission (n=16) Mild (n=63) Moderate (n=105) Severe (n=26) P value

White blood cell count (×109/L) 6.67 (3.72–8.84) 5.35 (4.44–6.42) 6.39 (5.20–7.97) 8.17 (6.82–10.28) <0.001

Neutrophil count (×109/L) 3.26 (1.63–4.77) 3.04 (2.27–4.03) 4.02 (3.00–5.20) 5.51 (4.27–7.40) <0.001

Lymphocyte count (×109/L) 2.08 (1.70–3.14) 1.60 (1.31–1.87) 1.50 (1.20–1.89) 1.63 (1.07–1.94) 0.007

Hemoglobin (g/L) 133.50 (111.50–155.25) 131.00 (124.00–142.00) 120.00 (104.00–132.50) 103.00 (80.25–133.00) <0.001

Platelet count (×109/L) 231.50 (161.25–277.75) 210.00 (171.00–265.00) 247.00 (203.00–311.00) 324.50 (240.50–428.25) <0.001

Albumin (g/L) 42.35 (40.02–45.05) 42.30 (40.1–44.8) 39.10 (36.45–42.05) 34.95 (29.82–39.05) <0.001

Total cholesterol (mmol/L) 4.58 (3.40–5.08) 4.03 (3.67–4.77) 3.96 (3.29–4.26) 3.46 (2.69–3.77) <0.001

LDL (mmol/L) 2.52 (2.27–3.28) 2.39 (2.01–2.75) 2.21 (1.87–2.62) 1.89 (1.58–2.30) <0.001

HDL (mmol/L) 1.21 (1.06–1.44) 1.18 (1.00–1.45) 1.04 (0.86–1.22) 0.92 (0.77–1.06) <0.001

Triglycerides (mmol/L) 1.19 (1.03–1.85) 0.97 (0.75–1.32) 1.20 (0.93–1.51) 1.07 (0.84–1.46) 0.079

CRP (mg/L) 3.06 (2.60–3.22) 3.13 (2.64–3.36) 4.03 (3.02–9.65) 23.00 (8.10–51.10) <0.001

ESR (mg/L) 5.50 (3.00–9.50) 6.00 (3.00–10.00) 13.00 (7.50–24.00) 25.50 (17.00–9.25) <0.001

BMI (kg/m2) 23.25 (19.23–24.32) 21.39 (18.69–24.34) 21.71 (19.09–24.19) 19.57 (17.81–22.81) 0.213

Hospital stays (days) 4.00 (3.00–6.75) 7.00 (4.00–9.00) 9.00 (7.00–12.00) 10.50 (7.00–14.25) <0.001

Abbreviations: UC, ulcerative colitis; LDL, low-density lipoprotein; HDL, high-density lipoprotein; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; BMI, body 
mass index.

Table 5 Correlation Between LDL, HDL and IBD Disease Activity

LDL HDL CRP ESR

rs P value rs P value rs P value rs P value

Crohn’s disease
HBI −0.038 0.531 −0.341 <0.001 0.472 <0.001 0.496 <0.001

CDEIS −0.052 0.392 −0.304 <0.001 0.497 <0.001 0.473 <0.001

CRP −0.036 0.544 −0.557 <0.001 – – – –
ESR −0.021 0.721 −0.484 <0.001 – – – –

PLT −0.09 0.134 −0.383 <0.001 0.645 <0.001 0.556 <0.001

Hospital stays −0.046 0.442 −0.358 <0.001 0.415 <0.001 0.409 <0.001
Ulcerative colitis

Mayo clinical scores −0.238 <0.001 −0.345 <0.001 0.517 <0.001 0.545 <0.001

UCEIS −0.222 0.001 −0.315 <0.001 0.415 <0.001 0.459 <0.001
CRP −0.267 <0.001 −0.402 <0.001 – – – –

ESR −0.248 <0.001 −0.361 <0.001 – – – –

PLT −0.123 0.075 −0.366 <0.001 0.409 <0.001 0.512 <0.001
Hospital stays −0.285 <0.001 −0.267 <0.001 0.292 <0.001 0.366 <0.001

Abbreviations: LDL, low-density lipoprotein; HDL, high-density lipoprotein; CRP, C-reactive protein; ESR, erythrocyte sedi
mentation rate; HBI, Harvey–Bradshaw Index; CDEIS, Crohn’s disease endoscopic index of severity; PLT, platelet count; UCEIS, 
Ulcerative colitis endoscopic index of severity; rs, Spearman rank correlation coefficient.
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Discussion
In this study, we evaluated the correlation of LDL and HDL with inflammatory bowel disease activity and their value as 
potential biomarkers of IBD. We found that LDL levels and HDL levels in IBD patients were significantly lower than 
those in healthy subjects. Both were correlated with disease activity, and this correlation was more significant in UC 
patients. In addition to being involved in cholesterol transport, LDL and HDL were also associated with inflammation 
and sepsis recovery,19 and some studies had found the changes of lipid profile in IBD patients. In 1996, Becker et al 
found that CD patients who underwent ileal resection had low cholesterol and high triglyceride (TG) levels.20 Later, 
Romanato et al reported significantly lower LDL and HDL levels in patients with CD recurrence than in remission.21 In 
a prospective study that followed 701 IBD patients, it was found that compared with the general population, IBD patients 
had lower levels of total cholesterol (TC), LDL and HDL, higher TG levels, and this lipid pattern was more significant in 
CD patients than in UC patients.22 However, a study by Sappati Biyyani et al showed that compared with the control 
group, IBD patients had lower TC and HDL-C levels but higher LDL-C and TG levels, which was inconsistent with the 
above studies.23 Our results showed that Chinese IBD patients have low LDL and HDL levels. LDL demonstrates higher 

Figure 1 The correlation between LDL, HDL and disease activity in CD patients.

Figure 2 The correlation between LDL, HDL and disease activity in UC patients.
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sensitivity than CRP in assessing patients with moderate-to-severe UC, which helps to better assess these individuals. 
HDL has a higher specificity than CRP and ESR in CD and UC. Detection of HDL might help assess moderate to severe 
IBD patients, and detection of LDL might help identify moderate to severe UC patients. In clinical practice, adding these 
indicators can help improve the accuracy of the assessment.

Inflammation and lipid metabolism interact. SLE had a particular pattern of dyslipoproteinemia characterized by 
elevated levels of very low-density lipoproteins and triglycerides and lower HDL-C, called the “lupus pattern”.24 

Multiple mechanisms can induce an altered lipoprotein metabolism in SLE, such as the production of autoantibodies 
against lipoprotein lipase. Also, the presence of inflammatory cytokines such as tumor necrosis factor (TNF), interleukin- 
6 (IL-6) and interferon-gmay downregulate lipolytic enzyme activity, resulting in dyslipidemia.23 IL-6 and acute phase 
protein participated in lipid metabolism, inhibit LPL activity of adipocytes and thus interfered with serum lipoprotein 
metabolism. TNF-α can mediate some of the effects of IL-6, as well as induce lipolysis and triglyceride synthesis.25,26 It 
has been found that Infliximab induction therapy is associated with a significant increase in abdominal fat tissue in CD 
patients.27 HDL-IgG antibody can be detected in SLE and RA, which was considered to be closely related to HDL 

Table 6 Receiver-operating Characteristic Analysis of LDL and HDL in Evaluating Moderate- 
Severe Activity in IBD Patients

Cut-off AUC Sensitivity Specificity PPV NPV P value

Crohn’s disease
LDL 1.98 0.518 44.83 62.20 45.22 61.21 0.6099

HDL 0.97 0.617 56.03 65.85 53.72 67.92 0.0005
CRP 3.99 0.671 81.03 52.44 54.65 79.63 <0.0001

ESR 11.00 0.691 70.69 60.98 56.16 74.43 <0.0001

PLT 302.00 0.685 47.41 82.93 65.48 69.04 <0.0001
Ulcerative colitis

LDL 2.32 0.635 65.65 56.96 71.07 49.44 0.0006
HDL 0.95 0.692 46.56 87.34 85.71 49.29 <0.0001

CRP 3.36 0.734 60.31 79.75 83.16 54.78 <0.0001

ESR 7.48 0.786 77.10 69.62 81.16 64.29 <0.0001
PLT 231.00 0.668 64.12 63.29 74.34 51.55 <0.0001

Abbreviations: AUC, area under the receiver-operating characteristic; PPV, positive predictive value; NPV, negative 
predictive value; IBD, inflammatory bowel disease; LDL, low-density lipoprotein; HDL, high-density lipoprotein; CRP, 
C-reactive protein; ESR, erythrocyte sedimentation rate; PLT, platelet count.

Figure 3 Receiver-operating characteristic analysis of LDL and HDL in evaluating moderate- severe activity in CD patients.
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dysfunction.28,29 The highest anti-HDL levels were found in systemic autoimmune rheumatic conditions (MCTD, pSS, 
and AAV) as well as in IBD, whereas increased anti-HDL levels were not observed in organ-specific autoimmune 
diseases.30 A remarkable finding was the difference in anti HDL levels among different immune-driven diseases. An 
increased CVD risk has been documented in IBD, especially during disease flares, suggesting the involvement of 
immune-driven mechanisms and blood lipid outcomes were effected by anti-HDL.30

The exact mechanism of HDL decrease in inflammation was not clear and may involve multiple pathways. It is 
demonstrated that human acute inflammation can induce selective remodelling of HDL with induction of specific HDL 
lipases, suppression of CETP and LCAT activity, HDL enrichment with SAA, loss of specific small-medium sized HDL 
particles, and reduction in selective HDL cholesterol efflux functions.31 In acute inflammation, the synthesis of apo A-1 
in liver decreased, and a large amount of serum amyloid A protein (SAA) was produced. SAA replaces apo A-1 to 
combine with HDL, which accelerated the clearance of HDL.31,32 But over-expression of SAA in non-acute inflamma
tory stage does not lead to the decrease of HDL level.33 The inflammatory reaction reduced the lecithin cholesterol 
acyltransferase (LCAT), led to the decrease of cholesteryl ester formation, and affected the synthesis of HDL. Cytokines 
can induce the increase of enzymes that metabolize key components of HDL, such as secretory phospholipase A2 
(sPLA2) and endothelial lipase, leading to change the stability and metabolism of HDL.32

IBD patients display dyslipidemia with significantly lower HDL cholesterol. The intestine was the second most 
important site of HDL production, low HDL cholesterol has traditionally been interpreted to be the consequence of 
IBD.34 However, research shows that in addition to its role in reverse cholesterol transport, HDL had anti-inflammatory, 
antithrombotic and cytoprotective effects.35 Gerster et al found that HDL and apoA-I suppress intestinal inflammation, 
both in vitro and in vivo.34 In an in vivo model of intestinal inflammation, colonoscopy and histology showed increased 
mucosal damage and inflammation in apoA-I knockout mice, which lack HDL. In contrast, transgenic mice over
expressing human apoA-I, which has very high plasma levels of HDL, were protected from intestinal inflammation.34 

A prospective study of approximately 10 million individuals found a association between serum lipid profiles and the 
incidence of IBD.36 In individuals without concomitant use or history of statin, low level of TC, LDL-C, HDL-C were 
associated with developing CD, and low serum TG levels were related to development of UC.36 The use of certain 
medications, such as long-term antibiotics, birth control pills, and statins, has been associated with an increased risk for 
inflammatory bowel disease.12 Such findings may implicate pre-clinical inflammation with increased catabolism or 
increased retention of lipids rather than decreased production. HDL also decreased cholesterol levels in lipid rafts of cell 
membranes by promoting a removal of cholesterol from peripheral cells, leading to decreased number of major 
histocompatibility complex class II molecules and impaired T-cell activation.37

Figure 4 Receiver-operating characteristic analysis of LDL and HDL in evaluating moderate- severe activity in UC patients.
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In the latest therapeutic strategy for IBD, the use of activated immune cell membrane (eg, macrophage membrane, 
neutrophil membrane) to encapsulate nanoparticles or drugs can form an excellent delivery system.12,38 This immune cell 
membrane encapsulation has the effect of immune escape, extending the circulation time of drugs in the blood, and 
achieving precise targeting of inflammation.12 This strategy provides a new idea for improving the efficacy of clinical 
targeted therapy for IBD. In another study, Escherichia coli Nissle 1917 (EcN) was prepared as EcN ghosts for drug 
delivery.39 It demonstrated excellent safety and effectiveness.

Intestinal microbiota stability is an important factor affecting nutrient absorption, metabolism, immune regulation, 
and resistance to pathogen infection.40 Encapsulation of drugs with unique cell membranes, such as probiotic outer 
membranes, fungal cell membranes, can minimize the influence of the GI environment, target inflammatory sites in the 
gut, and improve the efficacy and safety of probiotics and drugs.12,41

Patients with IBD had slightly lower levels of total cholesterol and low-density lipoprotein cholesterol, but the risk of 
cardiovascular diseases was increased. It may be linked to chronic systemic inflammation rather than to traditional 
cardiovascular risk factors.42 Ridker et al found that reducing inflammation reduced the risk of cardiovascular events 
without affecting lipid levels in a non-IBD population.43 Decrease in LDL and HDL may indicate impaired intestinal 
absorption, as CD may involve the whole GI tract, including the small bowel. Subclinical stage of the disease may hinder 
the absorption of dietary intake in the small bowel. The distal ileum was the main site of bile acid absorption and 
a common lesion site in IBD, especially in CD. Intestinal malabsorption caused the loss of bile acids and cholesterol 
through the stool, leading to low lipoprotein levels. A prospective study of CD patients undergoing intestinal surgery 
showed that TC, HDL-C, and LDL-C levels were significantly increased in patients in remission compared that in 
recurrent activity.21,44 Our study showed that LDL was not associated with CD activity, which may be related to 
intestinal malabsorption due to CD may involve the whole digestive tract.

This study had some limitations. Firstly, this was a retrospective study in a single center, which was a tertiary referral 
center treating complex IBD cases. The results may be influenced by selection bias and memory bias, and the effect of 
lipid profile on IBD incidence could not be assessed. Second, our study did not assess lipid profiles in IBD patients who 
were not 18 to 65 years old, and the correlation between lipid profile and disease activity in these individuals was not 
clear. Furthermore, this study did not evaluate the relationship between lipoproteins and FC, which was considered as 
a marker reflecting endoscopic lesions in IBD, and only included inflammatory markers CRP and ESR. Finally, given 
that our study is retrospective, further mechanistic studies and large-scale prospective studies are warranted to validate 
our findings.

Conclusion
In conclusion, our study demonstrated that the serum levels of LDL and HDL in IBD patients were lower than those in 
healthy subjects. LDL was negatively correlated with disease activity in UC, and HDL was negatively correlated with 
that in both CD and UC. HDL was more specific than traditional inflammatory markers CRP and ESR in distinguishing 
between moderate to severe and non-moderate to severe disease activity. We propose LDL and HDL as potential 
biomarkers for assessing IBD activity with further research, LDL and HDL may be used in the assessment of disease 
activity in clinical practice.
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