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Abstract

Background: Farnesoid X receptor (FXR) agonist, obeticholic acid (OCA), increases total and 

low-density lipoprotein cholesterol (LDL-C) in patients with nonalcoholic steatohepatitis (NASH). 

The present study evaluated the impact of OCA therapy on lipoprotein sub-particles.

Method—The study included 196 patients (99 OCA group and 97 placebo) who were enrolled in 

the FLINT trial and had samples available for lipid analysis and liver biopsies at enrollment and 

end-of-treatment (EOT) at 72 weeks. Very low-density lipoprotein (VLDL), low density 

lipoprotein (LDL), and high-density lipoprotein (HDL) particles were evaluated at baseline, 12 

and 72 weeks after randomization, and 24 weeks following EOT.

Results—Baseline lipoprotein profiles were similar among OCA and placebo. OCA did not 

impact total VLDL particle concentrations, but OCA vs placebo treatment was associated with 

decreased large VLDL particle concentration at 12 weeks (baseline adjusted mean: 6.8 vs. 8.9 
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nmol/L; P=0.002), mirrored by an increase in less-atherogenic small VLDL particle concentration 

(33.9 vs. 28.0 nmol/L; P=0.02). After 12 weeks, total LDL particle concentration was higher 

among OCA vs. placebo (1667 vs. 1329 nmol/L; P<0.0001), characterized by corresponding 

increases in both less-atherogenic, large-buoyant LDL (475 vs. 308 nmol/L; P=<0.001) and more-

atherogenic small-dense LDL particles (1015 vs. 872 nmol/L; P=0.002). The changes in LDL 

particle concentrations were similar between treatment groups (OCA and placebo) 24 weeks 

following EOT due to improvement in OCA cohort. Compared to placebo, a reduction in total 

HDL-particle concentration, particularly large and medium HDL-particles, was noted in the OCA 

treated patients but this resolved after drug discontinuation.

Conclusion: OCA therapy is associated with increases at 12 weeks in small VLDL particles and 

large and small LDL particles and reduction in HDL particles which revert to baseline 24 weeks 

after drug discontinuation.

Graphical Abstract

Lay Summary:

Nonalcoholic steatohepatitis is a chronic liver disease that is associated with increased risk of 

developing cirrhosis and cardiovascular disease. Recently, obeticholic acid (OCA), a farnesoid X 

receptor agonist, improved liver disease but led to an increase in cholesterol, however, the impact 

of OCA on cholesterol is not well understood. In the present study, we present data showing that 

OCA therapy is associated with an increase in lipoprotein levels which improve after drug 

discontinuation.

Keywords

nonalcoholic steatohepatitis; very low density lipoprotein; low density lipoprotein; high density 
lipoprotein; lipoproteins; obeticholic acid

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is the most common etiology of chronic liver 

disease affecting nearly a third of the United States population1. Nonalcoholic 

steatohepatitis (NASH) is the clinically aggressive variant of NAFLD that is characterized 
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histologically by hepatic steatosis along with necro-inflammatory activity2. In the absence of 

approved pharmacological therapy, NASH is increasingly being targeted for drug 

development efforts3. Obeticholic acid (OCA) is a farnesoid X receptor (FXR) agonist that 

was recently shown in a randomized, placebo-controlled clinical trial to improve liver 

histology in patients with NASH4. FXR is a bile-acid binding transcription factor belonging 

to the super family of nuclear receptors and, due to its central role in inflammation, glucose 

and lipid metabolism, FXR agonism is an attractive therapeutic target in NASH.

Mechanistically, FXR activation reduces triglyceride-rich lipoproteins via repression of 

hepatic sterol responsive element binding protein 1c (SREBP1c), microsomal triglyceride 

transfer protein (MTTP), and apolipoprotein B (apoB) gene expression5–7. However, it also 

reduces cholesterol conversion to bile acids which is a major mechanism of cholesterol 

disposal. FXR agonism via OCA in the Farnesoid X Receptor Ligand Obeticholic Acid in 

NASH Treatment (FLINT) trial led to an increase in low-density lipoprotein cholesterol 

(LDL-C) and reduction in high density lipoprotein cholesterol (HDL-C)4,8. Since 

cardiovascular disease (CVD) is common among patients with NAFLD and the leading 

cause of mortality among patients with NAFLD9–11, this rise in serum LDL-C requires a 

deeper understanding.

The advanced lipoprotein profile consists of measuring a number of lipoprotein particles and 

sub-particles with varying atherogenic risk that are often better predictors of future CVD 

events than the traditional lipid panel, especially in subjects with metabolic diseases such as 

type 2 diabetes12–14. Recent studies have highlighted a close relationship between NAFLD 

and atherogenic lipoproteins, despite relatively normal traditional lipid panel related 

parameters15,16. The impact of FXR activation via OCA on atherogenic lipoprotein sub-

particles is currently unknown. In order to bridge this knowledge gap, we conducted the 

current study to evaluate the impact of OCA on atherogenic lipoproteins in patients enrolled 

in the FLINT trial.

METHODS

Study Design

The data obtained for this study were from participants of the FLINT trial, which was an 

adult treatment trial conducted by the Nonalcoholic Steatohepatitis Clinical Research 

Network (NASH CRN)4. Briefly, 283 patients with biopsy proven NASH were randomized 

to 72 weeks of OCA 25mg once-daily treatment versus placebo. The primary outcome was 

defined as improvement in liver histology evidenced by a decrease in NAFLD Activity Score 

(NAS) by at least 2 points without worsening of fibrosis from baseline to end-of-treatment 

(EOT)4. Liver biopsies in the last 64 patients were not performed after interim analysis 

showed 43% of patients met the primary outcome with OCA treatment compared to 21% on 

placebo (P=0.0024) and treatment was also discontinued at that time related to concerns 

about increases in circulating cholesterol levels in patients taking OCA.
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Liver Histology

All liver biopsies were evaluated centrally by the NASH CRN Pathology Committee 

members as a group for consensus and graded according to the NASH CRN criteria2. 

Hepatic steatosis was graded on an ordinal scale from 0-3 [grade 0 <5% steatosis; grade 1 = 

5-33% steatosis, grade 2= 34-66% steatosis; grade 3 = ≥67% steatosis]. Cytologic 

ballooning was graded on a scale of 0-2 [grade 0 = none; grade 1 = few ballooned 

hepatocytes; and grade 2 = many ballooned hepatocytes]. Lobular inflammation was graded 

on a scale from 0-3 [grade 0 = none; grade 1 = <2 foci/20x hpf; grade 2 = 2-4 foci/20x hpf; 

and grade 3 = >4 foci/20x hpf]. Hepatic fibrosis was quantified from stages 0-4 and for the 

purpose of this analysis fibrosis stages 1a, 1b, and 1c were considered to be stage 12. Study 

pathologists were blinded to treatment assignment and whether biopsies were before or after 

treatment.

Study Visit and Procedures:

All patients were evaluated at their respective medical center and protocol driven 

anthropometric measurements, blood tests and patient assessments were collected. All blood 

was collected after an overnight fast. Fasting traditional lipid profile consisted of serum total 

cholesterol, HDL-C, LDL-C and triglycerides. There were no pre-specified rules regarding 

the treatment of dyslipidemia during the clinical trial and the decision to initiate and escalate 

lipid lowering therapy was left to the discretion of the treating physician.

Lipoprotein Profile

A comprehensive lipoprotein profile analysis was performed on stored EDTA plasma 

samples collected at 0 weeks, 12 weeks, 72 weeks, and 96 weeks. Nuclear magnetic 

resonance spectroscopy (NMR) spectra were collected on a Vantera Clinical Analyzer from 

EDTA plasma samples as previously described17,18. Concentrations for the lipoprotein 

classes (very low-density lipoprotein [VLDL], LDL, and HDL particle numbers) and 

subclasses (small, medium and large) were calculated using the LP3 deconvolution 

algorithm (LabCorp, Morrisville, NC). The LP3 algorithm reports lipoprotein particles of 

the following diameter ranges (nanometer, nm): large VLDL (>60 nm), medium VLDL 

(42-60 nm), small VLDL (29-42 nm), IDL (23-29 nm), large LDL (20.5-23 nm), small LDL 

(18-20.5 nm), large HDL (9.4-14 nm) medium HDL (8.2-9.4 nm) and small HDL (7.3-8.2 

nm)18,19. The calculated mean VLDL, LDL, and HDL particle sizes were weighted averages 

derived from the sum of the diameter of each subclass multiplied by its relative mass 

percentage17.

Statistical Analysis

The current analysis includes the subset of FLINT patients who had both a baseline and 

EOT liver biopsy. Summary statistics includes means, standard deviations and percentages. 

To evaluate the impact of OCA therapy on lipoproteins, the standard lipid profiles and NMR 

lipoprotein profiles were evaluated at baseline, 12 weeks, and 72 weeks (EOT) on therapy 

and 24 weeks off-treatment (96 weeks). Treatment group differences at baseline were 

compared using analysis of variance (ANOVA), while group differences at follow up were 

compared using analysis of covariance (ANCOVA) adjusting for baseline value. Sensitivity 
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analysis included the testing of the OCA treatment effect by statin use (i.e., effect 

modification) at each time point. FLINT trial was not designed to evaluate the impact of 

statin therapy on lipoproteins and as such the methodology did not standardize an approach 

to lipid management resulting in initiation and titration of statin at the discretion of the 

treating physician. As such, in the present study we present empiric data regarding statin 

use. Framingham risk score (FRS), a validated cardiovascular risk score, was used to 

evaluate the impact of OCA on future CVD risk20. P-values are nominal and have not been 

adjusted for multiple comparisons, multiple looks or multiple outcomes. Analyses were 

conducted using SAS (Version 9.3 of the SAS System for Windows, Cary, NC: SAS Institute 

Inc., 2002-2004) and Stata (StataCorp. 2015. Stata Statistical Software: Release 14. College 

Station, TX: StataCorp LP).

RESULTS

Patient Characteristics

A total of 196 patients (99 OCA and 97 placebo) who had liver biopsies and lipid profiles 

performed at baseline and EOT were included in the current analysis. Baseline demographic 

characteristics of the two groups were similar (Table 1). Overall mean (SD) age was 51 (12) 

years and the majority of the patients were female (67%) and white (82%). The serum 

aminotransferase levels and distribution of liver histological features, including steatosis, 

lobular inflammation, and cytological ballooning, were similar between the placebo and 

OCA-treated groups. At baseline, the distribution of diabetes, hypertension and dyslipidemia 

were similar across the two groups. Finally, 52% of the OCA-treated group was on statin 

therapy at baseline compared to 44% of the placebo (P=0.32). The FRS categories were 

similar and OCA therapy did impact the FRS at end of study (week 72) and follow up (week 

96) (Appendix Table 1).

Lipids

The baseline lipid panel consisting of LDL-C, HDL-C, total cholesterol and triglyceride 

results were similar between the two groups (Table 1). After 12 weeks of therapy, the 

baseline adjusted mean difference between OCA-treated and placebo groups was 167 mg/dL 

vs. 173 mg/dL (P=0.53) for triglycerides, 206 mg/dL vs. 182 mg/dL (P<0.0001) for total 

cholesterol, 39.3 mg/dL vs. 43.3 mg/dL (P<0.0001) for HDL-C and 135 mg/dL vs. 107 

mg/dL (<0.0001) for LDL-C. The treatment group differences in serum triglycerides were 

not statistically different at week 72 and 96. At 72 weeks, the OCA-group had higher total 

serum cholesterol (196 vs. 181 mg/dL; P=0.0009) and LDL-C (120 vs. 103 mg/dL; 

P<0.0001), but the total cholesterol and LDL-C were decreased after OCA discontinuation 

and were similar to placebo at 96 weeks. As compared to placebo, serum HDL-C levels 

were lower at 72 weeks in the OCA group (42.5 vs. 44.7 mg/dL; P=0.01) but were similar 

after treatment discontinuation (96 weeks follow up).

Very Low-Density Lipoprotein Sub-particles

The distribution of total, large, medium and small VLDL particles were similar between 

OCA-treated and placebo groups at baseline (Table 2). No difference in baseline adjusted 

mean total VLDL particle concentration was noted at 12, 72 and 96 weeks between the 
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OCA-treated and placebo groups. The baseline adjusted mean large VLDL concentration at 

12 weeks in OCA-treated group was lower at 6.8 nmol/L when compared to 8.9 nmol/L in 

the placebo group (P=0.002). The reduction at 12 weeks in large VLDL particle 

concentration in the OCA-treated group was accompanied by an increase in small VLDL 

particle concentration (33.9 vs. 28.0 nmol/L; P=0.02). However, the differences in large and 

small VLDL particle concentrations were no longer significant at 72 or 96 weeks. The 

medium VLDL particle concentration was not statistically different between OCA-treated 

and placebo groups at 12, 72 or 96 weeks.

Low Density Lipoprotein Sub-particles

The total LDL particle, intermediate density lipoprotein (IDL), large LDL, and small LDL 

particle concentrations were similar across the two groups at baseline. The baseline adjusted 

mean LDL particle concentrations in the OCA-treated group were elevated at 12 and 72 

weeks at 1667 nmol/L and 1511 nmol/L, respectively, compared to the LDL particle 

concentrations of 1329 nmol/L (P<0.0001) and 1331 nmol/L (P=0.001) at 12 and 72 weeks 

of the placebo group. The increase in LDL particles was mirrored by a similar increase in 

large-buoyant LDL and small-dense LDL particle concentrations at 12 and 72 weeks. The 

large LDL particle concentration was 475 nmol/L in the OCA-treated group and 308 nmol/L 

in the placebo group at 12 weeks (P<0.0001) and 391 nmol/L in OCA group compared to 

332 nmol/L in the placebo group at 72 weeks (P=0.04). Similarly, baseline adjusted mean 

small LDL particle concentration was higher in OCA vs placebo groups at 12 weeks (1015 

vs. 872 nmol/L; P=0.002) and 72 weeks (959 nmol/L vs. 838 nmol/L; P=0.01). The total, 

large, and small LDL particle concentrations were similar between placebo and OCA-treated 

groups at 96 weeks. Finally, IDL concentrations at 12, 72 and 96 weeks were not different in 

OCA treatment compared to placebo.

High Density Lipoprotein Sub-Particles

The total HDL and HDL sub-particle (small, medium, and large) concentrations were similar 

between the treatment groups at baseline. The baseline adjusted mean total HDL 

concentrations of OCA-treated groups were 30.2 μmol/L at 12 weeks, 32.1 μmol/L at 72 

weeks and 33.4 μmol/L compared to 35.0 μmol at 12 weeks (P<0.0001), 34.8 μmol/L at 72 

weeks (P=<0.001) and 35.3 μmol/L at 96 weeks (P=0.01) in the placebo group. These 

changes were driven by reduction in large and medium HDL sub-particles in the OCA 

treated groups compared to placebo. OCA therapy did not affect small HDL sub-particles 

which were comparable to placebo group throughout therapy and after drug discontinuation.

Patterns of Lipid Lowering Therapy During the Study

Statin use was similar between the treatment groups at baseline (p=0.60) (Table 3). In the 

OCA group with complete statin use data, 36% (32/90) of patients were not on statin therapy 

at enrollment, 12 weeks and EOT; 46% (41/90) were on statin therapy at enrollment, 12 

weeks and EOT; and 18% (17/90) patients transiently required statin therapy during the 

duration of the trial. In the placebo group with complete statin use data, 42% (39/92) of 

patients were not on statin therapy at enrollment, 12 weeks and EOT; 39% (36/92) were on 

statin therapy at enrollment, 12 weeks and EOT; and 19% (17/92) on intermittent use of 

statin therapy during the duration of the trial. There were no significant interaction effects of 
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the OCA vs placebo differences by time-dependent statin use for any lipoprotein particle at 

baseline or baseline-adjusted change in any of the lipoprotein particles at 12 weeks, 72 

weeks or 96 weeks (Appendix Table 2). When treatment groups were stratified according 

statin use, patients on OCA had increased total LDL concentrations, small LDL, and a 

reduction in large HDL at week 12 (Appendix Table 3). In the OCA group, 6 patients were 

on ezetimibe at baseline and 2 additional patients were started on ezetimibe during follow 

up. In the placebo cohort, 6 patients were on ezetimibe at baseline, 1 stopped during follow 

up and ezetimibe was not initiated in any patients during the study course. No patients took 

clofibrate during the course of the study.

Cardiovascular Events in OCA Treatment Arm

There were 14 (14%) OCA patients who developed an adverse event related to cardio-

vascular disease (CVD) during the trial. There were no significant differences between those 

developing vs not developing CVD adverse event in baseline-adjusted changes in any 

lipoprotein particle at 12 weeks, 72 weeks or 96 weeks (Appendix Table 3).

DISCUSSION

The activation of FXR by OCA led to an increase in LDL-C during the FLINT trial4 and in 

the present study we further explored this observation by demonstrating the impact of OCA 

therapy on the lipoprotein subfractions. The relationship of elevated LDL-C on CVD risk is 

well established21 and the impact of an increase in LDL-C with OCA therapy compared to 

observed histological benefit regarding the long-term outcome remains undefined. The 

findings from the FLINT trial have served a major impetus for concomitant use of statin 

therapy22 and a priori guidelines with medications targeting the bile acid pathway for 

treatment of NAFLD.

The findings of the current study must be evaluated in the context of published literature that 

have demonstrated the relationship between atherogenic dyslipidemia and NASH15,16. 

NASH is associated with upregulation of hepatic synthesis of triglyceride and cholesterol, 

which are transported out of the liver in large VLDL particles16. These large triacylglycerol-

rich VLDL particles, which are slowly metabolized in the periphery, are subject to a 

cholesteryl ester transfer protein (CETP)-mediated exchange process that removes 

cholesteryl ester from the particle core and replaces it with triacylglycerol23. LDL, so 

altered, is a potential substrate for hepatic lipase which can then result in the generation of 

smaller, more atherogenic lipoproteins often called small-dense LDL24,25. In contrast, 

metabolism of cholesteryl ester enriched small VLDL particles results in the formation of 

large-buoyant LDL particles, which are thought to be less atherogenic26. In the present 

study, OCA treatment resulted in a reduction in large VLDL particles and an increase in 

small VLDL particles, while total VLDL lipoprotein particle concentration was not affected 

by OCA therapy. These findings are consistent with published literature showing FXR 

reduces triglyceride-rich VLDL lipoproteins by repressing hepatic SREBP1c,MTTP and 

apoB expression5–7,27. Thus, the net effect of FXR agonism is a shift towards small VLDL 

particles, which are a reflection of a less atherogenic lipoprotein profile.
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The VLDL particle is hydrolyzed by lipoprotein lipase and slow metabolism is a key 

prerequisite for formation of atherogenic small-dense LDL particles26. FXR activation 

amplifies effects of lipoprotein lipase by increasing expression of apoCII, an activator of 

lipoprotein lipase, and reducing expression of apoCIII, an inhibitor of lipoprotein lipase, 

thereby promoting intravascular VLDL lipolysis and generation of LDL28,29. Furthermore, 

since FXR inhibits bile acid synthesis from cholesterol, it leads to increased intrahepatic 

cholesterol content27. Increased intrahepatic cholesterol reduces LDL-receptor activity and 

concentration. Thus, increased lipoprotein lipase activity, coupled with reduction in the 

LDL-receptor, results in reduced LDL clearance and elevated concentrations of circulating 

LDL particles and LDL-C30. In the present study, we observed an increase in LDL-C as 

early as 12 weeks of therapy which persisted for the duration of therapy and returned to 

baseline after OCA discontinuation. Expectedly, we also observed an increase in both large-

buoyant LDL and small-dense LDL particles while the patients were on OCA therapy and an 

improvement with OCA discontinuation. We also note that no statistically significant 

changes in atherogenic IDL were observed with OCA therapy, although there was a non-

significant increase in IDL particles with OCA therapy. The exact mechanism underlying 

these changes is not forthcoming from the present study, but may be potentially related 

increased lipoprotein lipase activity30.

HDL particles also play a key role in atherogenesis and CVD and are better predictors of 

cardiovascular risk than HDL-C19,31,32 FXR agonism has been shown to increase HDL-C 

clearance by increasing CETP expression and hepatic scavenger receptor-B1 and decreasing 

HDL production by decreasing apolipoprotein A-I30,33–36. In the present study, OCA 

treatment led to a reduction in HDL-C, along with a reduction in total, large and medium 

HDL particle concentrations, particularly after 12 weeks of therapy, and the effect persisted 

until EOT. As with VLDL and LDL, HDL-C and HDL particle concentrations improved 

after OCA cessation.

The current study provides greater granularity regarding OCA and dyslipidemia using the 

FLINT trial, however, the findings should be evaluated in the context of study limitations. 

The data presented show correlative relationships but do not explore the key mechanisms 

responsible for the dyslipidemia associated with OCA use. In the FLINT trial, the rise in 

total cholesterol and LDL-C was not fully anticipated, thus a standardized lipid management 

plan was not part of the clinical trial design. In addition, the dose of statin therapy was not 

collected. Within this limitation, it is difficult to ascertain how statin therapy might have 

impacted the observed lipid changes with OCA therapy and the results presented with 

regards to statin use on lipoprotein profile must be interpreted with caution. Future 

mechanistic studies incorporating statin therapy as clinical designs are necessary to evaluate 

this relationship further. While data linking atherogenic lipoprotein sub-particles to CVD 

events exists in the cardiovascular literature, similar data is limited in patients with NASH 

and the current study provides the framework to evaluate this association further. Well 

designed prospective studies with standardized lipid lowering therapeutic regimens are 

essential to evaluate not only the impact of lipoproteins on cardiovascular events but also the 

impact of lipid lowering therapy on lipoproteins in patients with NASH. Furthermore, 

ongoing clinical trials with FXR agonists and fibroblast growth factor (FGF19) analogues 

should provide additional data on the interactions between bile acid and lipid metabolism. 
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Since diet data was not collected as part of the FLINT trial, it is difficult to ascertain how the 

diet might have impacted lipoprotein profile in the present study.

In summary, OCA treatment was associated with an increase in LDL-C and total cholesterol 

which was largely due to an increase in less-atherogenic small VLDL and large-buoyant 

LDL particles. Co-administration of statin therapy with FXR agonist may potentially blunt 

the increases in lipoprotein sub-particles associated with FXR agonism, however, this 

strategy requires further validation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights:

• Obeticholic acid (OCA) has shown promise as a potential treatment of NASH

• OCA is associated with increase in LDL-cholesterol, triglycerides, total 

cholesterol and reduction in HDL-cholesterol

• Deep lipid analysis showed increase in atherogenic (i.e. small dense LDL-

cholesterol) and less atherogenic lipoproteins (i.e. large LDL particles) after 

12 weeks of therapy which improve after discontinuation of OCA

• OCA therapy also lead to reduction in large and medium HDL sub-particles 

which remained significantly lower than placebo treated group even after drug 

discontinuation
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Figure 1: 
The change in lipoproteins in patients treated with Obeticholic acid and placebo over the 

study duration.

HDL; high-density lipoprotein, LDL; low density lipoprotein, VLDL; very low density 

lipoprotein
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Table 1.

Characteristics of the study population at baseline

N (%) or Mean (SD)

Characteristic OCA (n=99) Placebo (n=97) P-value*

Demographic

  Age –yrs 52 (11) 50 (12) 0.20

  Sex - % male 30 (30%) 35 (36%) 0.45

  Race - % white 84 (85%) 77 (79%) 0.35

Anthropometric

  Body mass index – kg/m2 35 (6) 34 (6) 0.76

Liver tests

  ALT – U/L 80 (46) 82 (49) 0.77

  AST – U/L 62 (39) 56 (31) 0.25

  GGT – U/L 74 (80) 67 (54) 0.47

  Alkaline phosphatase – U/L 82 (28) 81 (25) 0.76

Lipids

  Total cholesterol – mg/dL 191 (44) 190 (48) 0.99

  Triglycerides - mg/dL 189 (109) 182 (178) 0.73

  HDL – mg/dL 43 (11) 45 (14) 0.23

  LDL – mg/dL 111 (39) 114 (41) 0.59

Co-morbidities

  Diabetes 52 (52%) 52 (54%) 0.89

  Hypertension 64 (64%) 57 (59%) 0.46

  Hyperlipidemia 62 (63%) 62 (64%) 0.88

Concomitant medications

  Statins 51 (52%) 43 (44%) 0.32

Histology

  Steatosis grade 2.1 (0.8) 2.1 (0.8) 0.88

  Lobular inflammation grade 1.8 (0.7) 1.8 (0.7) 0.89

  Ballooning grade 1.4 (1.3) 1.3 (1.2) 0.37

  NAFLD Activity Score (NAS) 5.4 (1.3) 5.3 (1.3) 0.50

  Fibrosis stage 1.8 (1.0) 1.8 (1.0) 0.66

*
Derived from Fisher’s exact test for categorical variables and t-test for unequal variance for continuous variables
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Table 2.

Change in lipids over time by treatment group

OCA (n=99) Placebo (n=97) Treatment Effect‡

Serum-lipids Visit Mean (SD) Change
†
 from 

BL

Mean (SD) Change
†
 from 

BL

Mean 95% CI P-value*

  Total cholesterol – 
mg/dL

BL 191 (44) 190 (48) 0 −13, 13 0.99

F12 206 8% 183 −4% 23 13, 33 <0.0001

F72 197 3% 185 −3% 12 2, 22 0.02

F96 176 −8% 179 −6% −3 −12, 7 0.57

  Triglycerides – mg/dL BL 219 (312) 182 (178) 37 −35, 108 0.31

F12 160 −27% 177 −3% −17 −40, 5 0.13

F72 176 −20% 176 3% 0 −34, 34 1.00

F96 193 −12% 181 0% 12 −18, 41 0.43

  HDL – mg/dL BL 42.6 (11.1) 44.8 (13.9) −2.2 −5.7, 1.4 0.23

F12 39.6 −7% 43.7 −2% −4.1 −5.9, −2.3 <0.0001

F72 42.6 0% 45.1 1% −2.6 −4.6, −0.6 0.01

F96 43.9 3% 44.2 −1% −0.2 −2.3, 1.8 0.82

  LDL – mg/dL BL 111 (39) 114 (41) −3 −15, 8 0.59

F12 137 23% 108 −5% 30 22, 38 <0.0001

F72 122 10% 107 −6% 15 6, 24 0.001

F96 100 −10% 101 −11% −1 −9, 8 0.89

NMR-VLDL

  Total – nmol/L BL 68.6 (38.4) 59.6 (34.1) 9.1 −1.3, 19.2 0.09

F12 61.5 −10% 63.3 6% −1.8 −8.3, 4.7 0.59

F72 59.3 −14% 58.3 −2% 1.1 −5.6, 7.7 0.75

F96 60.0 −13% 60.6 2% −0.6 −7.6, 6.4 0.87

  Large – nmol/L BL 9.8 (8.2) 8.9 (8.6) 0.9 −1.5, 3.3 0.47

F12 6.7 −32% 8.9 0% −2.2 −3.5, −0.9 0.001

F72 8.3 −15% 8.2 −8% 0.1 −1.3, 1.6 0.85

F96 9.4 −4% 9.3 4% 0.1 −1.8, 1.9 0.93

  Medium – nmol/L BL 27.3 (25.2) 22.8 (23.5) 4.5 −2.4, 11.4 0.20

F12 21.3 −22% 25.7 13% −1.9 −8.9, 0.2 0.06

F72 20.5 −25% 23.0 1% −2.5 −7.3, 2.2 0.29

F96 22.4 −18% 23.9 5% −1.5 −5.9, 3.0 0.52

  Small – nmol/L BL 31.6 (20.3) 28.0 (15.5) 3.6 −1.5, 8.7 0.16

F12 34.2 8% 28.1 0% 6.0 1.1, 11.0 0.02
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OCA (n=99) Placebo (n=97) Treatment Effect‡

Serum-lipids Visit Mean (SD) Change
†
 from 

BL

Mean (SD) Change
†
 from 

BL

Mean 95% CI P-value*

F72 30.7 −3% 26.8 −4% 3.9 −0.6, 8.4 0.09

F96 28.5 −10% 26.8 −4% 1.9 −3.0, 6.7 0.45

NMR-LDL

  Total – nmol/L BL 1390 (463) 1424 (476) −34 −166, 98 0.61

F12 1668 20% 1335 −6% 333 230, 437 <0.0001

F72 1522 9% 1336 −6% 187 79, 294 0.0007

F96 1281 −8% 1278 −10% 3 −89, 95 0.95

  Large – nmol/L BL 288 (237) 342 (273) −54 −126, 18 0.14

F12 477 66% 313 −8% 164 104, 225 <0.0001

F72 399 39% 336 −2% 63 6, 120 0.03

F96 272 −6% 287 −16% −15 −66, 36 0.57

  IDL – nmol/L BL 157 (125) 165 (135) −8 −45, 29 0.66

F12 176 12% 151 −8% 25 −11, 60 0.17

F72 168 7% 162 −2% 6 −31, 43 0.77

F96 129 −18% 155 −6% −26 −56, 4 0.08

  Small – nmol/L BL 946 (418) 917 (390) 28 −85, 142 0.62

F12 1013 6% 872 −5% 141 51, 232 0.002

F72 955 1% 838 −9% 117 22, 212 0.02

F96 878 −7% 839 −9% 39 −45, 123 0.36

NMR-HDL

  Total – μmol/L BL 34.8 (6.2) 34.4 (6.8) 0.4 −1.4, 2.2 0.68

F12 30.0 −14% 34.9 1% −4.8 −6.0, −3.6 <0.0001

F72 32.0 −8% 34.6 1% −2.6 −4.0, −1.2 0.0003

F96 33.4 −4% 35.2 2% −1.8 −3.2, −0.3 0.02

  Large - μmol/L BL 6.1 (2.8) 6.3 (3.4) −0.2 −1.1, 0.7 0.67

F12 4.4 −28% 6.3 0% −1.8 −2.3, −1.3 <0.0001

F72 4.9 −20% 6.1 −3% −1.2 −1.8, −0.7 <0.0001

F96 5.8 −5% 5.8 −8% −0.1 −0.6, 0.5 0.82

  Medium - μmol/L BL 6.5 (4.7) 7.3 (5.4) −0.7 −2.1, 0.7 0.33

F12 5.5 −15% 8.0 10% −2.5 −3.7, −1.2 0.0001

F72 5.6 −15% 7.2 −1% −1.6 −2.9, −0.3 0.02

F96 7.1 9% 8.0 10% −0.8 −2.1, 0.4 0.18

  Small - μmol/L BL 22.1 (6.2) 20.8 (5.7) 1.3 −0.4, 3.0 0.13

F12 20.0 −10% 20.7 0% −0.7 −2.2, 0.8 0.35
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OCA (n=99) Placebo (n=97) Treatment Effect‡

Serum-lipids Visit Mean (SD) Change
†
 from 

BL

Mean (SD) Change
†
 from 

BL

Mean 95% CI P-value*

F72 21.6 −2% 21.4 3% 0.2 −1.3, 1.8 0.78

F96 20.5 −7% 21.4 3% −0.9 −2.2, 0.5 0.20

*
Based on ANOVA for differences at baseline and ANCOVA for differences during follow-up adjusting for baseline value

†
100*[(Mean at FU – Mean at BL) / Mean at BL]

‡
Treatment effect is treatment group difference in change from baseline adjusted for value at baseline
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Table 3.

Statin use by treatment group

Statin use history OCA (n=98)* Placebo (n=97) P-value

0.60

Not taking at baseline, week 12 or 72 33 (34%) 39 (40%)

Taking at baseline, week 12 and F72 46 (47%) 39 (40%)

Transient use at baseline, week 12 and 72 19 (19%) 19 (20%)

*
Excludes one patient with missing statin use data at F12 and F72
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