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Abstract Patients with dyslipidemia are at higher 
risk for inflammatory bowel disease (IBD), yet the 
impact of lipid-lowering medications on IBD remains 
unclear. This study investigates the causal relation-
ship between lipid-lowering drug target and IBD, with 
a focus on the roles of gut microbiota and inflamma-
tory cytokines. Genetic variants associated with lipid-
lowering drug targets were extracted from the Global 
Lipids Genetics Consortium, whereas summary sta-
tistics for IBD, Crohn's disease (CD), and ulcerative 
colitis were sourced from the International Inflam-
matory Bowel Disease Genetics Consortium. Drug-
target Mendelian randomization analysis revealed 
that inhibiting angiopoietin-like protein 3 increased 
the risk of IBD and CD, whereas inhibition of apoli-
poprotein C-III (APOC3) heightened the risk of CD. 
Conversely, enhancement of LPL and LDL receptor 
reduced the risk of IBD and CD. Mediation analysis 
demonstrated that gut microbiota and inflammatory 
cytokines partially mediated these effects, with spe-
cific pathways such as Lachnospiraceae FCS020 (17.26%) 
for APOC3 and Clostridium sensu stricto 1 (20.12%) for LPL 
accounting for significant portions of the effects. 
These findings suggest that lipid-lowering drugs tar-
geting angiopoietin-like protein 3 and APOC3 may 
increase the risk of IBD, whereas those targeting LPL
and LDL receptor may reduce the risk. The results
highlight potential for repurposing lipid-lowering 
drugs for IBD prevention and warrant future clin-
ical trials to explore these targets further.
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Inflammatory bowel disease (IBD), including Crohn's 
disease (CD) and ulcerative colitis (UC) (1), is a chronic 
immune-mediated gastrointestinal disorder affecting 
approximately 7 million people worldwide, imposing a 
significant burden on global public health (2, 3). So far, 
the causes of IBD remain incompletely understood, 
and it is thought to involve a complex interaction be-
tween genetic susceptibility and environmental factors 
(4–6). In addition, effective treatments for IBD are still 
limited, and new therapeutic strategies are urgently 
needed.
Blood lipid abnormalities are well known to be 

important risk factors for IBD and are closely associ-
ated with the severity of IBD (7). Lipid-lowering drugs, 
especially statins, have attracted increasing attention 
on their potential role in the management of IBD. 
Some studies suggest that statins may affect the onset 
and progression of IBD by regulating lipid levels. 
However, the findings remain controversial. For 
instance, a population-based case-control study in 
Sweden found that statin use was associated with a 
reduced risk of CD rather than UC (8), whereas another
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retrospective study reported no association between 
statin use and IBD (9). The inconsistent results can be 
attributed to some well-known limitations in observa-
tional studies, including the issue of unmeasured con-
founding factors and reverse causality.
Previous studies had shown that lipid-lowering drugs 

can promote gut homeostasis and inflammatory status 
(10, 11). Specifically, statins can lead to alterations in gut 
microbiota and gut metabolites, which may contribute 
to maintaining gut homeostasis (12–14). In addition, 
statins can reduce various proinflammatory cytokines, 
such as interleukin-18 (IL-18) and IFN-gamma, which 
play critical roles in the inflammatory process (15, 16). 
An imbalance in the gut microbiota and elevated in-
flammatory cytokines are known to contribute to the 
pathogenesis of IBD (17–19). In the treatment of IBD, 
anti-inflammatory drugs, such as immunosuppressants, 
work by reducing proinflammatory cytokines (19), and 
drugs targeting the gut microbiota have also shown 
positive effects (20), suggesting that lipid-lowering 
drugs could potentially offer a therapeutic strategy 
by modulating both the gut microbiota and inflam-
matory pathways.
However, while observational studies provide valu-

able insights into the association between lipid-
lowering drugs and IBD, they are limited in their 
ability to establish causal relationships. Recently, drug-
target Mendelian randomization (MR) has emerged as 
a powerful tool for understanding the causal effects of 
drug targets on health outcomes, using genetic data as 
proxies for drug exposure (21, 22). By selecting genetic 
variants as instrumental variables (IVs), drug target MR 
can infer the causal effect of a drug target gene on the 
outcome. In this context, the term "causal" refers to 
causality within the MR framework. Well-designed 
drug target MR analyses can help narrow down the 
list of potential experimental targets and provide evi-
dence for target prioritization. Furthermore, previous 
studies have shown that drug target genes supported 
by genetic evidence often have a higher success rate in 
clinical trials (23).
In this study, we aimed to evaluate the repurposing 

of commonly used lipid-lowering drugs for the treat-
ment of IBD, CD, or UC, followed by two-step media-
tion MR analysis to explore the potential mediating 
roles of gut microbiota and inflammatory cytokines. 
We selected commonly used lipid-lowering drugs, 
focusing on those whose primary pharmacological ac-
tions target low-density lipoprotein cholesterol (LDL-
C), including HMG-CoA reductase (HMGCR; target 
of statins), Niemann-Pick C1-like protein 1 (NPC1L1; 
target of ezetimibe), proprotein convertase subtilisin/ 
kexin type 9 (PCSK9; target of evolocumab), apolipo-
protein B-100 (APOB; target of mipomersen), and ATP-
binding cassette subfamily G members 5/8 (ABCG5/ 
ABCG8; target of colesevelam). We also included tri-
glyceride (TG)-lowering drugs, such as angiopoietin-
like protein 3 (ANGPTL3; target of evinacumab),

apolipoprotein C-III (APOC3; target of volanesorsen), 
peroxisome proliferator-activated receptor alpha 
(PPARA; target of fibrates), and microsomal triglycer-
ide transfer protein large subunit (MTTP; target of 
lomitapide). In addition, we included two critical drug 
targets involved in both LDL-C and TG metabolism: 
LDL receptor (LDLR) (24) and lipoprotein lipase (LPL) 
(25). The findings could provide valuable insights into 
the use of lipid-lowering drugs for individuals at po-
tential risk of IBD and help identify promising candi-
date drugs for IBD treatment in future clinical trials.

MATERIALS AND METHODS

Study design
Figure 1 provides a schematic of the study design. We first 

conducted drug-target MR to explore the potential causal 
associations between lipid-lowering drug targets and IBD, CD, 
and UC, followed by a two-step mediation MR analysis to 
examine the potential mediating role of 196 gut microbiota 
and 41 inflammatory cytokines in the effect of lipid-lowering 
drug target on these diseases. All analyses followed the 
STrengthening the Reporting of OBservational studies in 
Epidemiology using MR guidelines, as outlined in 
supplemental Table S1.

Genetic variant selection
Common lipid-lowering drugs and novel therapeutics were 

selected based on recent guidelines for the management of 
dyslipidemia and ChEMBL databases (Table 1) (26, 27). We 
utilized drug substance information to identify pharmaco-
logically active protein targets and obtain the corresponding 
target genes from DrugBank database (https://go.drugbank. 
com/) and relevant reviews (28–30). We focused on LDL-C 
and TG, which are commonly measured to assess the physi-
ological response to these lipid-lowering drugs. We classified 
these drug target genes into two categories based on their 
own primary pharmacological actions: those involved in 
lowering LDL-C (including LDLR, HMGCR, NPC1L1, PCSK9, 
APOB, ABCG5, and ABCG8) and those associated with lowering 
TG (including LPL, ANGPTL3, APOC3, PPARA, and MTTP). 
Genome-wide association study (GWAS) summary statistics 
for LDL-C and TG were obtained from the Global Lipids 
Genetics Consortium, which includes approximately 1.3 
million individuals of European ancestry, and we extracted 
genetic variants associated with these biomarkers (31). 
Following previous studies (32), we selected genetic vari-

ants located near (±250 kb) or within the drug target genes as 
proxies for lipid-lowering drug classes, demonstrating asso-
ciations with LDL-C or TG at a significance level of 
P = 5 × 10 − 8 . Subsequently, we calculated the F-statistics for 
each SNP and retained only those variants with F-statistic >10 
to avoid weak instrument bias (33). We further clumped these 
SNPs according to a lenient linkage disequilibrium threshold 
of r 2 <0.2 and a physical distance of 10,000 kb using a refer-
ence dataset of the European ancestry from the 1000 Ge-
nomes Project. SNPs with minor allele frequency <0.01 were 
removed, and the forward strand alleles were inferred using 
allele frequency information when palindromic SNPs exis-
ted. We also applied MR Steiger filtering to remove those 
genetic variants that explained less variance in the exposure 
than the outcome, given that Steiger filtering was able to
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GWAS Summary Data

Outcome: IBD and its subtypes
• IBD: 12,882 cases and 21,770 controls 
• CD: 5,956 cases and 14,927 controls
• UC: 6,968 cases and 20,464 controls

Exposure: lipid-lowering drug target 
Lowering LDL-C (Primary Pharmacological Action)：
LDLR HMGCR NPC1L1 PCSK9 APOB ABCG5/ABCG8 
Lowering TG (Primary Pharmacological Action)：
LPL ANGPTL3 APOC3 PPARA MTTP Mediator:

• 196 Gut microbiota (N = 18,340) 
• 41 inflammatory cytokines (N = 8,293)

• Keep SNPs associated with the exposure (P < 5× 10-8)
• Keep independent SNPs (LD r2  < 0.2 Window size = 1 Mb)
• Keep SNPs with F > 10
• Keep SNPs passing Steiger’s directionality test (one-sided P > 0.05)
• Keep SNPs with minor allele frequency > 0.01
• Removing the palindromic SNPs
• SNPs or highly correlated proxy SNPs (r2 > 0.8) are present in the outcome data 
• Positive control: CAD

Step 1 
To identify the primary lipid-lowering drug target 
causally associated with IBD outcomes

Step 2
To identify the gut microbiota and inflammatory cytokine
causally associated with IBD outcomes

Step 3
To identify the primary lipid-lowering drug target causally

Instrumental Variables Selection

associated with gut microbiota and inflammatory cytokine

1.IVW   2.Weighted median 3.Weighted mode 

MR Analyses

4.MR-Robust 5.MR-Egger 6.MR-RAPS 7.MR-PRESSO

Mediation 
analysis

• Leave-one-out analysis  
• MR-Egger intercept  
• Cochran’s Q test
• pQTL data

 Sensitivity Analysis

Exposure 
lipid-lowering drug 

 target 

Outcome 
IBD CD UC

Mediator 
Gut microbiota and

 inflammatory cytokines

Step 1

Step 3 Step 2

Instrumental
 variables

Instrumental 
variables

Confounder

Exposure 
lipid-lowering drug 

 target 

Outcome 
IBD CD UC

UVMR

   bootstrap method

A

B

C

D

Fig. 1. Schematic representation of the study design. We have first listed the data source for the exposure (lipid-lowering drug 
targets), mediating variables (196 gut microbiota and 41 inflammatory factors), and outcome variables (IBD, CD, and UC) in (A), 
followed by the rigorous selection procedure of IVs in (B). Then, we systematically explored the potential effects of lipid-lowering 
drug on IBD with drug target MR analyses and further investigate the possible mechanisms using two-step mediation MR analysis 
taking the gut microbiota and inflammatory factors as the mediators in (C), followed by the finally multiple sensitivity analysis to 
validate the robustness of the results in (D). IVW, inverse-variance weighted; LD, linkage disequilibrium; MR-RAPS, Robust 
Adjusted Profile Score.
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TABLE
 
1. Classes of lipid-lowering drugs and target genes

Primary
pharmacological
action Examples of drugs Drug

 
targets General function Gene

 
encoding

 
target Gene

 
region

Reduced
 
LDL-C

Statins HMG-CoA
 
reductase Catalyzes the conversion of HMG-CoA 

to
 
mevalonic acid, the

rate-limiting
 
step

 
in
 
the
 
synthesis of cholesterol and other isoprenoids. It plays a critical role in cellular cholesterol homeostasis and is a key target in managing cholesterol levels 

HMGCR chr5:
74632154–74657929

Ezetimibe Niemann-Pick
 
C1-like

protein
 
1

Involved
 
in
 
cholesterol homeostasis, NPC1L1 facilitates the absorption

 
of cholesterol from 

the
 
intestine

 
into

 
enterocytes 

and
 
participates in plant sterol absorption, although it transports sitosterol at lower rates than cholesterol. It is crucial for maintaining cholesterol levels in the body

NPC1L1 chr7:
44552134–44580914

Evolocumab Proprotein
 
convertase

subtilisin/kexin
 
type

 
9

Plays a crucial role in regulating plasma cholesterol levels bybinding
 
to
 
LDLRs, including those for VLDLR, apolipoprotein E

 
receptors (ApoE-R), and Apo receptor 2. It promotes the degradation

 
of these receptors in intracellular acidic compartments, reducing cholesterol uptake

PCSK9 chr1:
55505221–55530525

Mipomersen Apolipoprotein
 
B-100 A

 
major protein component of LDL 

and
 
VLDL

 
particles, ApoB-

100
 
is essential for the recognition and binding of these lipoproteins to the ApoB/E receptor, facilitating their internalization

 
and

 
the
 
delivery

 
of cholesterol to cells

APOB chr2:
21224301–21266945

Colesevelam ATP
 
Binding

 
Cassette

Subfamily
 
G
 
Member 

5/ATP
 
Binding

 
Cassette

 Subfamily
 
G
 
Member 8

In
 
the
 
intestine, ABCG5 and ABCG8 transport plant sterols andcholesterol out of enterocytes into the intestinal lumen, limiting cholesterol absorption and reducing the intake of dietary plant sterols. In the liver, these transporters facilitate the movement of sterols into bile for excretion, thereby promoting cholesterol clearance

ABCG5/ABCG8
 
a chr2:

44039611–44066004/
chr2:
44066103–44105605

Key
 
regulator LDL

 
Receptor 

b Found
 
in
 
the
 
liver and many tissues, the LDLR 

binds to ApoB-100
 
and

 
ApoE

 
on
 
LDL

 
particles, enabling their endocytosis. This process leads to the degradation of LDL 

particles in lysosomes, releasing
 
cholesterol that is used by cells or stored for future use

LDLR chr19:
11200038–11244492

Reduced
 
TG

Evinacumab Aangiopoietin-
like

 
protein

 
3

Acts as a hepatokine involved in lipid and glucose metabolismregulation. It increases plasma TGs by inhibiting LPL 
activity, 

thus suppressing TG 
clearance

 
from

 
the
 
bloodstream

 
and

 leading
 
to
 
elevated

 
TG
 
levels

ANGPTL3 chr1:
63063158–63071830

Volanesorsen Apolipoprotein
 
C-III ApoC-III is a key component of TG-rich lipoproteins, includingVLDL

 
and

 
HDL. It plays a critical role in regulating TG metabolism, specifically by modulating lipoprotein clearance and

 
lipid

 
homeostasis. Targeting ApoC-III mRNA 

can
 
reduce

 TG
 
levels and improve lipid profiles

APOC3 chr11:
116700422–116703788

Fibrates Peroxisome
proliferator-activated
receptor-alpha

A
 
ligand-activated

 
transcription

 
factor that regulates lipid

metabolism. PPAR-α is activated by endogenous lipids, such as1-palmitoyl-2-oleoyl-sn-glycerol-3-phosphocholine, and is involved
 
in
 
fatty

 
acid

 
oxidation

 
and

 
the
 
regulation

 
of lipid levels, thus influencing overall lipid homeostasis and metabolic health

PPARA
 
c chr22:

46546424–46639653

(continued)
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infer the causal direction for each SNP on the exposures and 
outcomes by calculating and comparing the variance 
explained by the genetic instruments (34).
Since none of the genetic variants of PPARA and MTTP 

were selected, we excluded them from further analysis. Due 
to the proximity of the genes encoding ABCG5 and ABCG8, 
variants in the vicinity of these genes were combined in our 
analyses. Finally, nine drug targets were included: HMGCR, 
NPC1L1, PCSK9, APOB, ABCG5/ABCG8, LDLR, ANGPTL3, 
APOC3, and LPL.

Outcome data source
The GWAS summary statistics for the outcomes were 

derived from the International IBD Genetics Consortium 
(https://www.ibdgenetics.org/), including IBD (25,042 cases, 
34,915 controls), UC (12,366 cases, 33,609 controls), and CD 
(12,194 cases, 28,072 controls) of European ancestry (35). All 
cases were diagnosed by accepted radiologic, endoscopic, 
and histopathologic evaluations in the International IBD 
Genetics Consortium. The genetic associations were 
adjusted for age, sex, and up to 20 genetic principal
components. 
The GWAS summary statistics for coronary artery disease 

(CAD), comprising data from 1,165,690 individuals of Euro-
pean ancestry, were obtained from Aragam et al. (36) and 
used as a positive control to validate the effectiveness of the 
IVs.

Mediation data source
GWAS summary statistics for gut microbiota were ob-

tained from a large-scale GWAS study by MiBioGen con-
sortium (https://mibiogen.gcc.rug.nl), involving 18,340 
participants from Europe, North America, and East Asia with 
122,110 loci of variation (37). After excluding unknown bac-
terial taxa, gut microbiota was finally classified into 196 taxa, 
including 9 phyla, 16 classes, 20 orders, 32 families, and 119 
genera. Furthermore, GWAS summary statistics for 41 in-
flammatory cytokines were extracted from a GWAS study 
involving 8,293 Finnish individuals (38), with combining re-
sults from The Cardiovascular Risk in Young Finns Study 
and FINRISK surveys. The details are provided in 
supplemental Table S2.

Statistical analysis
Drug-target MR analysis. First, a positive control analysis was 

conducted to validate the effectiveness of genetic proxies for 
lipid-lowering drug target genes by investigating the associ-
ation between genetically proxied lipid-lowering drug target 
genes and the risk of CAD, given the anticipated cardiovas-
cular protective effect of lipid-lowering drugs.
In addition, we conducted drug-target MR analysis to assess 

the causal effect of 9 lipid-lowering drug target on IBD, CD, 
and UC. Specifically, we matched alleles for drug target IVs 
of exposure with that of outcome. If the variants were un-
available in the GWAS of outcomes, we searched for a proxy 
(r 2 ≥ 0.8) for these SNPs, and SNPs without any proxies were 
further removed. Ambiguous SNPs with palindromic geno-
types and minor allele frequencies between 0.4 and 0.5 were 
excluded from the analysis. We used inverse-variance 
weighted method (39) as primary MR analysis to obtain the 
causal effect estimates.
To validate the significant causal effects of drug target 

genes on IBD, CD, and UC in the primary analyses, we further
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conducted drug-target MR analysis using cis-protein quanti-
tative trait loci (pQTL) from the deCODE study to corrobo-
rate our findings. The pQTL data were obtained from a 
large-scale GWAS on blood proteome, involving 27 million 
variant sites and 4,907 plasma protein SOMAmers, with 
35,559 Icelanders participating in the deCODE Genetics 
research (40). We selected IVs located within ±500 kb of the 
drug target genes with significant associations with IBD in the 
primary analyses, employing the same stringent criteria as 
above.

Mediation MR analysis. To investigate potential mediating 
factors between lipid-lowering drug target genes and dis-
ease outcomes (IBD, CD, and UC), we performed a two-step 
MR analysis to quantify the effects of lipid-lowering drug 
target genes on disease outcomes via the gut microbiome 
and inflammatory cytokines. Briefly, in the first step, we 
employed a two-sample MR approach to assess the causal 
relationships between the gut microbiome and IBD, CD, 
and UC, as well as between inflammatory cytokines and 
these diseases. We set a looser threshold P value of 1 × 10 − 5 

to maximize the number of IVs for each gut microbiome 
and cytokine, and the gut microbiota and cytokines with 
significant causal effects on IBD, CD, and UC were sub-
jected to the second step. In the second step, we further 
examine the causal effects of lipid-lowering drug target 
genes on the gut microbiota or inflammatory cytokines that 
were significantly associated with disease outcomes in the 
first step. The mediating proportion of each inflammatory 
marker and gut microbiota between lipid-lowering drug 
target genes and IBD, CD, and UC was also calculated, with 
the 95% confidence intervals (CIs) for the mediation effects 
estimated using the Bootstrap method.

Sensitivity analysis. Multiple MR methods under different 
model assumptions were used to evaluate the robustness and 
reliability of the findings, including 1) weighted median 
method, which could obtain consistent estimates if at least 
50% of the IVs are valid (41); 2) weighted mode method, 
which could provide an unbiased estimate if the SNPs 
contributing to the largest cluster are valid (42); 3) inverse-
variance weighted method using robust regression (MR-
Robust), which could reduce the standard error of estimates 
(43); 4) MR-Egger, which could detect the bias due to direc-
tional pleiotropy, with the intercept indicating the presence 
of directional pleiotropic bias (44); 5) MR-Robust Adjusted 
Profile Score, which was robust to both systematic and idio-
syncratic pleiotropy; and 6) Mendelian Randomization Plei-
otropy RESidual Sum and Outlier (MR-PRESSO), which 
could identify horizontal pleiotropic outliers and correct for 
pleiotropy via outlier removal (45). Furthermore, we assessed 
the heterogeneity of the estimates by applying Cochran’s Q 
test (46), leave-one-out analysis, and whether the MR-Egger 
intercept (44) is significantly deviated from zero. Besides 
MR-Egger intercept test, we further conducted a phenome-
wide association study (PheWAS) analysis at the SNP level 
to assess the potential pleiotropy for those drug target genes 
significantly associated with IBD, we using 1,419 binary phe-
notypes from the PheWAS portal database (http://pheweb.
sph.umich.edu/SAIGE-UKB). 
We performed MR analysis using R packages “Mende-

lianRandomization” (47), “MRPRESSO” (45), and “mr.raps.” 
All estimates (odds ratios [ORs] and effect estimates [beta 
value]) were scaled to 1 mmol/l decrease in LDL-C or TG. The 
statistical significance was set to be P < 0.05. Given that

Bonferroni correction for multiple nonindependent tests 
may be too stringent, we used the false discovery rate at 0.05 
based on Benjamini-Hochberg method for multiple testing 
correction, denoted as P-adjusted.

RESULTS

Genetic IV selection and validation
We identified a total of nine drug target and 

selected instrumental SNPs within or near drug target 
genes as proxies (Table 1). Through a rigorous in-
strument screening procedure, we obtained a total of 
111 proxy SNPs, with details provided in supplemental 
TableS3. The F-statistics for all selected instrumental 
SNPs were greater than 10, indicating the analyses 
were less likely to suffer from weak instrument bias. 
Briefly, 7 instrumental SNPs were selected for 
ANGPTL3, 21 for APOC3, 20 for APOB, 7 for ABCG5/ 
ABCG8, 3 for HMGCR, 23 for LPL, 15 for LDLR, 2 for 
NPC1L1, and 13 for PCSK9 (supplemental TableS3). In 
addition, we searched the GWAS Catalog (https:// 
www.ebi.ac.uk/) and identified 1,145 IBD-associated 
genes (supplemental TableS4), which have no over-
lap with these lipid-lowering drug target genes. 
Indeed, the IBD-associated genes identified from 
GWAS are mainly obtained through the IBD-
associated SNPs, which typically reflects statistical as-
sociations, rather than direct causal relationships or 
functional roles of the genes, and may not be directly 
involved in lipid metabolism or regulation. As ex-
pected, the genetic proxies for lipid-lowering drug 
target genes demonstrated a protective effect on CAD, 
suggesting the validity of the IVs (supplemental 
Fig. S1).

Identification of lipid-lowering drug target 
causally associated with IBD, CD, and UC
Through comprehensive drug-target MR analysis, we 

investigated the causal associations between lipid-
lowering drug target and the risk of IBD, CD, and UC. 
A total of four drug targets were identified to have 
significant causal associations with IBD, CD, or UC 
(Fig. 2 and supplemental TableS5). Specifically, geneti-
cally proxied ANGPTL3 inhibition demonstrated a 
significant association with an increased risk of IBD 
(OR = 1.846; P-adjusted = 0.006) and CD (OR = 3.709; 
P-adjusted = 2.48 × 10 − 6 ), respectively. In addition, 
genetically proxied APOC3 inhibition showed a signif-
icant association with a higher UC risk (OR = 1.239; 
P-adjusted = 0.044). In contrast, genetically proxied LPL 
enhancement was significantly associated with a lower 
risk of IBD and CD (OR = 0.772, P-adjusted = 0.012; 
OR = 0.661, P-adjusted = 0.003, respectively), so as 
genetically proxied LDLR enhancement (OR = 0.786, 
P-adjusted = 0.044; OR = 0.718, P-adjusted = 0.044, 
respectively). No significant causal associations can be 
found between other genetically proxied drug target
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and IBD, CD, or UC. In summary, various lipid-lowering 
drugs with different pharmacological mechanisms have 
the potential to exert distinct effects on IBD and its
subtypes. 
Importantly, the findings were further consistently 

found across multiple MR methods, including 
weighted median method, weighted mode method, 
MR-Robust, MR-Egger, MR-Robust Adjusted Profile 
Score, and MR-PRESSO (supplemental TableS5). 
Further analysis suggested that IVs of each lipid-
lowering drug target genes had no horizontal pleiot-
ropy (Egger intercept P > 0.05) and no heterogeneity 
(Cochran’s Q P > 0.05) (supplemental TableS6). In 
addition, there was no distortion in the leave-one-out 
plot for each lipid-lowering drug target genes, sug-
gesting that no single SNP had a substantial impact on 
the MR estimate (supplemental Figs. S2–S5). For the 
IBD-associated drug target genes including ANGPTL3, 
APOC3, LDLR, and LPL, the PheWAS analysis at the 
SNP level (supplemental Figs. S6–S9) revealed three 
instrumental SNPs (rs4628268, rs1441771, and 
rs1534649) for LPL illustrated the potential pleiotropy 
and are significantly associated with swelling of limb 
(P = 1.3 × 10 − 5 ), other diseases of the teeth and sup-
porting structures (P = 2.6 × 10 − 5 ), and disorders of 
refraction and accommodation; blindness and low 
vision (P = 2.0 × 10 − 5 ), respectively, so as one instru-
mental SNP (rs376642) for LDLR was associated with 
otorrhea (P = 4.5 × 10 − 5 ). Subsequently, we excluded 
these pleiotropic SNPs and reconducted the MR anal-
ysis for LPL and LDLR, where we found the results 
were highly consistent with the original analysis 
(supplemental TableS7), demonstrating the robustness 
of the findings against pleiotropy.

Identification of gut microbiota and inflammatory 
cytokines causally associated with IBD, CD, and UC 
In the first step of mediation MR analysis, we need to 

perform a two-sample MR analysis to assess the causal 
associations between 196 gut microbiota and 41 in-
flammatory cytokines with IBD, CD, and UC. Overall, 
significant associations can be found between 28 gut 
microbiota and IBD, CD, and UC (supplemental 
Tables S8–S10 and supplemental Fig. S10) as well as be-
tween nine inflammatory cytokines and IBD, CD, and 
UC (supplemental Tables S11–S13 and supplemental 
Fig. S11).
Thirteen of 28 gut microbiota exhibited potential 

risk effects, whereas 15 gut microbiota showed pro-
tective effects. In particularly, Lachnospiraceae ND3007 
(OR = 1.706, 95% CI: 1.131, 2.5742, P = 0.011), Oxalobacter 
(OR = 1.292, 95% CI: 1.126, 1.482, P = 2.50 × 10 − 04 ), and 
Eubacterium eligens (OR = 1.405, 95% CI: 1.058, 1.865, 
P = 0.019) demonstrated the strongest risk effects on 
IBD, CD, and UC, respectively. In contrast, Clostridium 
sensu stricto 1 (OR = 0.765, 95% CI: 0.62, 0.942, P = 0.012), 
Ruminococcaceae UCG009 (OR = 0.861, 95% CI: 0.772,

0.960, P = 0.007), and Eubacterium ventriosum (OR = 0.741, 
95% CI: 0.552, 0.995, P = 0.046) exhibited the strongest 
protective effects on IBD, CD, and UC, respectively. 
Eight inflammatory cytokines showed potential risk 
effects, including the effect of genetically determined 
IL-10 on IBD (OR = 1.088, 95% CI: 1.013, 1.168, P = 0.032), 
the effect of macrophage inflammatory protein (MIP)-
1a on CD (OR = 1.125, 95% CI: 1.022, 1.238, P = 0.016), and 
the effect of fibroblast growth factor basic on UC 
(OR = 1.133, 95% CI: 1.001, 1.282, P = 0.032). While only 
with IFN-gamma-induced protein 10 displayed pro-
tective effect on IBD (OR = 0.919, 95% CI: 0.851, 0.993, 
P = 0.032).

Effect of lipid-lowering drug target on identified 
gut microbiota and inflammatory cytokines
In the second step of mediation MR analysis, we 

need to utilize drug-target MR to evaluated the causal 
effects of four outcome-related lipid-lowering drug 
targets on the 28 gut microbiota and 9 inflammatory 
cytokines identified to be associated with IBD, CD, and 
UC from the above first step. We found that the four 
lipid-lowering drug targets were associated with totally 
15 gut microbiota and 8 inflammatory cytokines 
(supplemental Tables S14 and S15, supplemental 
Figs. S12, and S13). In particular, genetically proxied 
ANGPTL3 inhibition was associated with increased 
levels of the genus Butyrivibrio (β = 0.752; 95% CI: 0.225; 
1.278, P = 0.005), so as the association between geneti-
cally proxied APOC3 inhibition and the genus Lach-
nospiraceae FCS020 group (β = 0.102; 95% CI: 0.011, 0.193; 
P = 0.028), the association between genetically proxied 
LPL and the genus Clostridium sensu stricto 1 (β = − 0.240; 
95% CI: − 0.379, − 0.100; P = 0.001), and the association 
between genetically proxied LDLR inhibition and the 
phylum Lentisphaerae (β = 0.371; 95% CI: 0.144, 0.599; 
P = 0.001).
Furthermore, genetically proxied APOC3 inhibition 

was associated with increased levels of interleukin-2 
receptor alpha (IL-2ra) (β = 0.245; 95% CI: 0.073, 0.416; 
P = 0.005). Genetically proxied LPL enhancement was 
associated with decreased levels of IL-18 (β = − 0.331; 
95% CI: − 0.570, − 0.092; P = 0.007), so as the association 
between genetically proxied LDLR inhibition and 
fibroblast growth factor basic levels (β = − 0.220; 95% 
CI: − 0.382, − 0.058; P = 0.008).

Mediation effect of lipid-lowering drug target on 
IBD, UC, and CD via gut microbiota and 
inflammatory cytokines
To evaluate the indirect effect of four lipid-

lowering drug targets (ANGPTL3, APOC3, LPL, and 
LDLR) on IBD, CD, and UC through gut microbiota 
and inflammatory cytokines, we carried out a media-
tion analysis utilizing both the effect estimates from 
two-step MR and the total effect from primary MR 
analysis.

Causal links between lipid-lowering drugs and IBD 7



The findings highlighted seven gut microbiota and 
four inflammatory cytokines as potential mediators in 
the association between lipid-lowering drug target and 
at least one of IBD, UC, and CD (Fig. 3 and 
supplemental TableS16). Specifically, the mediation 
effect proportions of APOC3 inhibition on the risk of 
IBD through Lachnospiraceae FCS020 and IL-2ra were 
estimated to be 17.26% and 10.91%, respectively. The 
mediation effect proportion of APOC3 inhibition on 
the risk of UC through the genus Lachnospiraceae FCS020

was estimated to be 12.73%. The mediation effect pro-
portion of ANGPTL3 inhibition on CD through MIP-
1b was estimated to be 1.33%.
The mediation effect proportions of LPL enhance-

ment on protection from IBD through Clostridium sensu 
stricto 1 and IL-18 were 20.12% and 7.94%, respectively. 
For CD, the mediation effect proportions of LPL 
enhancement through Ruminococcaceae UCG009 and 
MIP-1α were 11.43% and 9.06%, respectively. The 
mediation effect proportions of LDLR enhancement
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Fig. 2. The causal effect estimates of lipid-lowering drug target on risk of IBD, CD, and UC from drug target MR analysis. The 
forest plots showed the causal effect of lipid-lowering drug target on IBD risk per a 1 mmol/l (LDL-C, 38.7 mg/dl; TG, 88.9 mg/dl) 
change in the lipid levels. Data are represented as ORs with 95% CI. OR <1.00 suggests a decreased risk associated with lipid-
lowering drug targets. P values are derived from the inverse-variance weighted MR method. P-adjusted values are false discov-
ery rate-adjusted P values obtained using the Benjamini-Hochberg procedure to control the false discovery rate across multiple 
comparisons. The P-other column summarizes the significance of results from other MR methods. In this column: * indicates a 
P < 0.05. ** indicates a P < 0.01. *** indicates a P < 0.001. - indicates no statistical significance. The methods included in the P-other 
column, in order, are weighted median, weighted mode, MR-Robust, MR-Egger, MR-RAPS, and MR-PRESSO. IIBDGC, the Inter-
national Inflammatory Bowel Disease Genetics Consortium.
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Fig. 3. Mediation effects of lipid-lowering drug target on IBD, CD, and UC via gut microbiota and inflammatory cytokines. (A) 
Mediation effects of ANGPTL3 inhibition via cytokine MIP-1b on IBD. (B) Mediation effects of APOC3 inhibition via gut 
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on protection from IBD through Lentisphaeria, Victi-
vallales, and Lentisphaerae were estimated to be 
22.22%, 20.42%, and 20.42%, respectively. In addition, 
the mediation effect proportion of LDLR enhance-
ment on protection from CD through Lachnospiraceae 
UCG001 was 13.99%.
The mediation effect proportions of LPL enhance-

ment on protection to IBD through Clostridium sensu 
stricto 1 and IL-18 were found to be 20.12% and 7.94%, 
respectively. The mediation effect proportion of LPL 
enhancement on protection to CD through Rumino-
coccaceae UCG009 and MIP-1a was 11.43% and 9.06%, 
respectively. The mediation effect proportion of 
LDLR enhancement on protection to IBD through 
Lentisphaeria, Victivallalesh, and Lentisphaerae was 
estimated to be 22.22%, 20.42%, and 20.42%, respec-
tively. Furthermore, the mediation effect proportion 
of LDLR inhibition on protection against CD through 
Lachnospiraceae UCG001 was 13.99%.

Validation analysis
According to the same stringent IV selection criteria 

as above, we selected independent SNPs that were 
associated with drug target gene-encoded protein 
levels as IVs from the decoded pQTL summary data. 
Among these, only the cis-pQTLs of ANGPTL3 and 
APOC3 (i.e., genetic variants near the ANGPTL3 and 
APOC3 genes) yielded suitable IVs. Specifically, 24 in-
dependent SNPs were selected as IVs for ANGPTL3 
and 19 for APOC3. Due to the unavailability of IVs, 
LPL and LDLR were excluded from the validation 
analysis. Again, the F-statistics for all the IVs were >10, 
indicating that the analyses were less likely to suffer 
from weak instrument bias.
The results revealed a causal association between 

lower level of ANGPTL3 protein and an increased risk 
of CD (OR = 1.270; 95% CI: 1.092, 1.477; P = 0.002). 
Similarly, lower level of APOC3 protein was causally 
associated with increased risk of UC (OR = 1.191; 95% 
CI: 1.011, 1.404; P = 0.036) (see supplemental Table S17 
for details). The consistent results from the pQTL data 
in terms of the direction and magnitude of the causal 
effects further suggest the reliability of the findings 
(supplemental Table S17).

DISCUSSION

We conducted a comprehensive drug-target MR 
analysis to investigate potential causal effects of mul-
tiple lipid-lowering drug targets on IBD, CD, and UC, 
followed by two-step mediation MR analysis to explore 
the mediating roles of gut microbiota and inflamma-
tory cytokines. We found the significantly causal as-
sociations between four lipid-lowering drug targets 
(ANGPTL3, APOC3, LPL, and LDLR) and the risk of 
IBD, CD, and UC. Moreover, we identified specific gut 
microbiota, such as Lachnospiraceae FCS020 and Rumino-
coccaceae UCG009, and inflammatory cytokines, such as

IL-18 and MIP-1b, as potential mediators in the causal 
effect of these lipid-lowering drug targets on IBD, CD, 
and UC. These findings not only provided novel in-
sights into the off-target effects of lipid-lowering 
drugs but also indicated potential mechanisms under-
lying the impact of these lipid-lowering drug target 
genes on IBD, CD, and UC.
ANGPTL3, pivotal regulator of lipid transport, is a 

member of the angiopoietin-like protein family, which 
also includes ANGPTL4 and ANGPTL8. Although 
direct links between ANGPTL3 and IBD have not been 
extensively documented, recent studies have shown that 
the specific antisense oligonucleotide, vupanorsen, 
which inhibits ANGPTL3 synthesis, significantly in-
creases hepatic steatosis (fatty liver). Hepatic steatosis has 
been suggested to be independently associated with an 
increased risk (48) of clinical relapse in UC and CD pa-
tients (49). In addition, another member of the ANGPTL 
family, ANGPTL4, has shown protective effect on IBD 
by downregulating CD8+ T-cell activity (50). Animal 
studies have also demonstrated that mice lacking Angptl4 
exhibited exacerbated colonic inflammation due to 
increased expression of colon chemokines (51). Our 
study first provides the genetic evidence supporting a 
causal association between ANGPTL3 inhibition and an 
increased risk of IBD and CD. We further found the 
mediating role of MIP-1b in the causal association be-
tween ANGPTL3 inhibition and CD, with the propor-
tion of mediation effect found to be only 1%, suggesting 
that ANGPTL3 primarily exerts a direct effect on IBD 
and CD or that there may be additional unknown me-
diators that require further exploration.
APOC3, a significant lipoprotein synthesized in the 

liver and intestine, plays a crucial role in the assembly 
and secretion of TG-rich VLDL particles. A study 
involving 405 patients reported lower levels of circu-
lating APOC3 in patients with IBD compared with the 
control group (52). However, due to the limited sample 
size and the inherent limitations of observational 
studies, inferring a direct causal association between 
APOC3 and IBD remains challenging. In our study, 
using genetic tools, we have uncovered compelling ev-
idence supporting a causal association between APOC3 
inhibition and an increased risk of IBD and UC. 
Furthermore, our investigation identified potential 
mediators such as Lachnospiraceae FCS020 and IL-2ra. 
While studies on the associations between APOC3 and 
gut microbiota or inflammatory cytokines are insuffi-
cient, previous study has identified Lachnospiraceae 
and IL-2ra as risk factors for IBD and its subtypes 
(38, 53). A cohort study found that alterations in the 
Lachnospiraceae family of bacteria were associated 
with an increased risk of IBD, and disruptions in the 
microbial network of Lachnospiraceae and Rumino-
coccaceae were associated with poor treatment response 
and frequent relapse in IBD (53). In addition, a genome-
wide meta-analysis study implicated IL-2ra in the risk of 
CD, with the IL-2ra-targeting antibody daclizumab
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demonstrating efficacy in multiple sclerosis, which is an 
autoimmune disease, and showed promising benefit for 
CD treatment (38). However, further clinical trials are 
imperative to validate its efficacy.
LDLR, a glycoprotein situated on the cell surface, 

takes place primarily in the liver and intestine, where it 
assumes a pivotal role in the formation and release of 
triglyceride-rich VLDL particles (54). Using Ldlr 
knockout mice, a study demonstrated that LDLR 
deficiency inhibited the activation, proliferation, and 
effector functions of CD8+ T cells. Primary experi-
ments on CD8+ T cell showed that their reliance on 
LDLR-mediated lipid transport for proliferation and 
effector functions (55). While CD8+ T cells have been 
implicated in IBD pathogenesis, their role in IBD is 
multifaceted, exhibiting both immunosuppressive and 
proinflammatory effects (56, 57). Despite the insights 
from existing studies, investigating the underlying 
mechanisms by which LDLR influences IBD through 
its impact on inflammatory responses remain chal-
lenging. Our study provides causal evidence support-
ing the association between LDLR enhancement and a 
reduced risk of IBD. However, our findings only indi-
cated mediation pathways through specific gut micro-
biota, including Lentisphaeria, Victivallales, and 
Lentisphaerae, without evidence of mediation effects 
through inflammatory cytokines. Lentisphaeria en-
compasses the Lentisphaerae class and Victivallales 
order. While evidence for impact of Lentisphaeria on 
IBD is lacking, studies have suggested the potential 
influence of Lentisphaeria on metabolism, insulin 
sensitivity, and hepatic fat content (58), all of which 
have potential implications for IBD (59, 60). Therefore, 
the mechanisms underlying the impact of LDLR on 
IBD require further exploration.
LPL plays a role in lipid distribution and metabolism 

by catalyzing the hydrolysis of TGs in circulating 
lipoproteins (61). Despite its significance in lipid meta-
bolism, studies exploring the association between LPL 
and IBD remain limited. An age- and sex-matched 
case-control study reported elevated levels of circu-
lating LPL in individuals with IBD compared with 
controls (62). In contrast, our study provides causal 
evidence supporting the protective effect of increased 
LPL expression on IBD and CD, and we identified 
potential mediators, such as genus Clostridium sens stricto 
1, Ruminococcaceae UCG009, IL-18, and MIP-1a. While in-
vestigations on the associations between LPL and gut 
microbiota or inflammatory cytokines are lacking, 
previous studies have highlighted the role of IL-18 and 
MIP-1a as potent proinflammatory cytokines crucial in 
host defense and immune response regulation. Studies 
have documented increased levels of IL-18 (63) and 
MIP-1a (64) in serum and colonic tissues of mice with 
dextran sodium sulfate-induced colitis, further 
emphasizing their involvement in inflammatory pro-
cesses. In addition, a study using an innovative multi-
variate metagenomic analysis approach analyzed the

microbiota in colonic tissues and fecal samples from 
196 IBD patients (121 CD patients, 75 UC patients) and 
27 healthy individuals, revealing a decreased abun-
dance of the Ruminococcaceae in CD patients (65). 
These findings further support our study and suggest 
that targeted regulation of LPL activity may be a po-
tential strategy for treating intestinal inflammation 
and other inflammatory diseases.
Our results showed significant associations between 

several drug target genes and gut microbiota as well as 
inflammatory factors, suggesting that these drugs may 
act through a "microbiota-immune"-mediated pathway. 
Specifically, we found that lipid-lowering drug targets, 
such as ANGPTL3, APOC3, LPL, and LDLR, were 
closely associated with IBD risk, and their effects might 
be mediated indirectly through the modulation of 
specific gut microbiota (e.g., Lachnospiraceae FCS020 
genus, Clostridium sensu stricto 1, Lentisphaeria class, 
Victivallales order, Lentisphaerae phylum, and Rumi-
nococcaceae UCG009 genus) or immune factors (e.g., MIP-
1β, IL-18, IL-12ra). In CD, we observed the significant 
effect of LPL and LDLR, with their potential medi-
ating pathways involving systemic proinflammatory 
factors (e.g., MIP-1β) and gut microbiota (e.g., Rumino-
coccaceae UCG009 genus and Lachnospiraceae UCG001 
genus). In UC, we found the significant effect of 
APOC3, with its mediating effect primarily driven by 
Lachnospiraceae FCS020 genus, rather than inflammatory 
factors. The different results between IBD and CD may 
be related to the inflammatory distribution character-
istics of CD. CD typically presents with transmural 
inflammation, which affects the entire intestinal wall 
(66), thus triggering more systemic immune responses. 
The immune factors such as MIP-1β were involved in 
the mediating pathway in CD, suggesting immune 
regulation may be an important mechanism through 
which lipid-lowering drug targets exert protective ef-
fects in CD. The different results between IBD and UC 
may be attributed to the localized mucosal inflamma-
tion observed in UC, in which the gut microbiota (67), 
rather than systemic immune factors, may present a 
more prominent role in disease progression.
This study has several strengths. First, we used the 

large-scale omics data, paralleled with a cutting-edge 
analysis pipeline, to investigate the impact of lipid-
lowering drug target on IBD and sequentially explore 
the potential mediating roles of gut microbiota and 
inflammatory cytokines, providing novel insights into 
the repurposing of lipid-lowering drugs in treatment 
of IBD as well as future optimization of lipid-lowering 
drug therapies. Second, we used drug-target MR 
approach to mimic drug exposure utilizing genetic 
instruments, which could mitigate confounding bias, 
avoid reverse causation, and ascertain the causal asso-
ciation between drug exposure and diseases. Third, in 
addition to performing various sensitivity analyses to 
assess the robustness and the consistency of the results, 
we also used multiple MR methods with different
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model assumptions to evaluate the robustness of our 
findings and to avoid the risk of false discoveries due 
to the model misspecification of single MR method. 
Our study is not without limitations. First, the drug-

target MR focuses on evaluating the long-term impact 
of intervention on the drug target, which may differ 
from the outcome of drug interventions at specific time 
points or shorter durations. Although these discrep-
ancies may impact the accurate estimation of clinical 
drug intervention effects, it still provides valuable 
insight into the presence and direction of causal effects. 
Second, drug-target MR analysis can offer valuable 
perspectives on drug effects within the same drug class 
or with similar targets; however, it may fail to provide 
specific information on individual drug compounds. 
Third, the drug effects can vary across different tissues 
and populations. It is crucial to utilize genetic associa-
tion data from relevant tissues or diverse populations to 
further validate the findings. Last, the analysis based on 
protein expression is constrained by the limited sample 
size of available pQTL datasets. Furthermore, the 
analysis based on protein expression is constrained by 
the limited sample size of available pQTL datasets, and 
only two lipid-lowering drug targets (ANGPTL3 and 
APOC3) had suitable IVs in the current analysis. 
Expanding the sample size and including more drug 
targets in future pQTL studies would further 
strengthen the robustness of the results. Finally, 
although drug target MR analysis could be an ideal 
drug target screening tool, the wet-bench experimen-
tation is still required for further verifications.
In conclusion, this study presents compelling evi-

dence establishing causal associations between lipid-
lowering drug target genes and IBD, shedding light 
on the mediating roles of gut microbiota and inflam-
matory cytokines. The results have implications for 
repurposing lipid-lowering medications in future IBD 
prevention and treatment strategies and for future 
clinical trials in IBD with comorbid hyperlipidemic.

Data availability
The datasets analyzed in the current study can be 

downloaded from the websites https://mibiogen.gcc. 
rug.nl/, https://www.ibdgenetics.org/, https://gwas. 
mrcieu.ac.uk/, and https://www.ebi.ac.uk/gwas/ 
downloads/summary-statistics.

Supplemental data
This article contains the supplemental data.

Ethics approval and consent to participate
This study has been conducted using published studies 

and consortia with publicly available summary statistics. All 
original studies have been approved by the corresponding 
ethical review board, and the participants have provided 
informed consent. In addition, no individual-level data was 
used in this study. Therefore, no new ethical review board 
approval was required.

Acknowledgments
The authors acknowledged the International IBD Ge-

netics Consortium, the MiBioGen consortium, Global Lipids 
Genetics Consortium, and CARDIoGRAMplusC4D Con-
sortium for contributing the data used in this work. The 
authors thanked all the genetics consortiums for making 
the GWAS summary data publicly available. This work was 
supported by the Cheeloo Young Talent Program of 
Shandong University.

Author contributions
Z. Y. and Y. W. conceptualization; Z. Y. methodology; X. 

H. validation; X. H. data curation; X. H., Q. L., Y. W., and Z. Y. 
writing–original draft; X. H., Q. L., P. G., W. G., Y. W., and Z.
Y. writing–review & editing; X. H. and Q. L. visualization; X. 
H. and Z. Y. supervision.

Funding and additional information
This work was supported by the National Natural Science 

Foundation of China (grant numbers: 82373686 and 
82173624), the Natural Science Foundation of Shandong 
Province (grant number: ZR2019ZD02), and the Taishan 
Scholar Project of Shandong Province (grant number: 
tsqn202211025).

Conflict of interest
The authors declare that they have no conflicts of in-

terest with the contents of this article.

Abbreviations
ABCG5, ATP-Binding Cassette Subfamily G Member 5; 

ANGPTL3, angiopoietin-like protein 3; APOB, apolipopro-
tein B-100; APOC3, apolipoprotein C-III; CAD, coronary 
artery disease; CD, Crohn's disease; CI, confidence interval; 
GWAS, genome-wide association study; HMGCR, HMG-
CoA reductase; IBD, inflammatory bowel disease; IL-18, 
interleukin-18; IL-2ra, interleukin-2 receptor alpha; IV, 
instrumental variable; LDLR, LDL receptor; MIP-1a, 
macrophage inflammatory protein-1 alpha; MIP-1b, 
macrophage inflammatory protein-1 beta; MR, mendelian 
randomization; MR-PRESSO, Mendelian Randomization 
Pleiotropy RESidual Sum and Outlier; MTTP, microsomal 
triglyceride transfer protein large subunit; NPC1L1, Nie-
mann-Pick C1-like Protein 1; OR, odds ratio; PCSK9, pro-
protein convertase subtilisin/kexin type 9; PheWAS, 
phenome-wide association study; PPARA, peroxisome 
proliferator-activated receptor alpha; pQTL, protein quan-
titative trait loci; TG, triglyceride; UC, ulcerative colitis.

Manuscript received October 14, 2024, and in revised form 
June 10, 2025. Published, JLR Papers in Press, , https://doi. 
org/10.1016/j.jlr.2025.100871

REFERENCES

1. Chang, J. T. (2020) Pathophysiology of inflammatory bowel 
diseases. New Engl. J. Med. 383, 2652–2664

2. Burisch, J., Zhao, M., Odes, S., De Cruz, P., Vermeire, S., 
Bernstein, C. N., et al. (2023) The cost of inflammatory bowel 
disease in high-income settings: a Lancet Gastroenterology & 
Hepatology Commission. Lancet Gastroenterol. Hepatol. 8, 
458–492

12 J. Lipid Res. (2025) 66(9) 100871

https://mibiogen.gcc.rug.nl/
https://mibiogen.gcc.rug.nl/
https://www.ibdgenetics.org/
https://gwas.mrcieu.ac.uk/
https://gwas.mrcieu.ac.uk/
https://www.ebi.ac.uk/gwas/downloads/summary-statistics
https://www.ebi.ac.uk/gwas/downloads/summary-statistics
http://doi.org/https://doi.org/10.1016/j.jlr.2025.100871
http://doi.org/https://doi.org/10.1016/j.jlr.2025.100871
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref1
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref1
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref2
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref2
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref2
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref2
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref2


3. The global, regional, and national burden of inflammatory 
bowel disease in 195 countries and territories, 1990-2017: a sys-
tematic analysis for the Global Burden of Disease Study 2017. 
Lancet Gastroenterol. Hepatol. 5, (2020), 17–30

4. Hedin, C. R. H., Vavricka, S. R., Stagg, A. J., Schoepfer, A., Raine, 
T., Puig, L., et al. (2019) The pathogenesis of extraintestinal 
manifestations: implications for IBD research, diagnosis, and 
therapy. J. Crohns Colitis. 13, 541–554

5. Plichta, D. R., Graham, D. B., Subramanian, S., and Xavier, R. J. 
(2019) Therapeutic opportunities in inflammatory bowel dis-
ease: mechanistic dissection of host-microbiome relationships. 
Cell. 178, 1041–1056

6. Torres, J., Ungaro, R. C., and Colombel, J. F. (2022) Is prevention 
the best way to modify inflammatory bowel disease? How close 
are we? Gastroenterology. 162, 1452–1455

7. Sappati Biyyani, R. S., Putka, B. S., and Mullen, K. D. (2010) 
Dyslipidemia and lipoprotein profiles in patients with inflam-
matory bowel disease. J. Clin. Lipidol. 4, 478–482

8. Lochhead, P., Khalili, H., Sachs, M. C., Chan, A. T., Ol ´ en, O., 
and Ludvigsson, J. F. (2021) Association between statin use 
and inflammatory bowel diseases: results from a Swedish, 
nationwide, population-based case-control study. J. Crohns 
Colitis. 15, 757–765

9. Khalil, D., Boktor, M., Mortensen, E. M., Frei, C. R., and Mansi, I. 
(2015) Comparison of frequency of inflammatory bowel disease 
and noninfectious gastroenteritis among statin users versus 
nonusers. Am. J. Cardiol. 115, 1396–1401

10. Vieira-Silva, S., Falony, G., Belda, E., Nielsen, T., Aron-Wisnew-
sky, J., Chakaroun, R., et al. (2020) Statin therapy is associated 
with lower prevalence of gut microbiota dysbiosis. Nature. 581, 
310–315

11. C ˆ ot ´ e-Daigneault, J., Mehandru, S., Ungaro, R., Atreja, A., and 
Colombel, J. F. (2016) Potential immunomodulatory effects of 
statins in inflammatory bowel disease. Inflamm. Bowel Dis. 22, 
724–732

12. Caparr ´ os-Martín, J. A., Lareu, R. R., Ramsay, J. P., Peplies, J., 
Reen, F. J., Headlam, H. A., et al. (2017) Statin therapy causes gut 
dysbiosis in mice through a PXR-dependent mechanism. 
Microbiome. 5, 95

13. Kim, J., Lee, H., An, J., Song, Y., Lee, C. K., Kim, K., et al. (2019) 
Alterations in gut microbiota by statin therapy and possible 
intermediate effects on hyperglycemia and hyperlipidemia. 
Front. Microbiol. 10, 1947

14. Nolan, J. A., Skuse, P., Govindarajan, K., Patterson, E., Kon-
stantinidou, N., Casey, P. G., et al. (2017) The influence of rosu-
vastatin on the gastrointestinal microbiota and host gene 
expression profiles. Am. J. Physiol. Gastrointest. Liver Physiol. 312, 
G488–G497

15. Aktunc, E., Kayhan, B., Arasli, M., Gun, B. D., and Barut, F. (2011) 
The effect of atorvastatin and its role on systemic cytokine 
network in treatment of acute experimental colitis. Immuno-
pharmacol. Immunotoxicol. 33, 667–675

16. Bereswill, S., Mu˜ noz, M., Fischer, A., Plickert, R., Haag, L. M., 
Otto, B., et al. (2010) Anti-inflammatory effects of resveratrol, 
curcumin and simvastatin in acute small intestinal inflamma-
tion. PLoS One. 5, e15099

17. Lee, J. W. J., Plichta, D., Hogstrom, L., Borren, N. Z., Lau, H., 
Gregory, S. M., et al. (2021) Multi-omics reveal microbial de-
terminants impacting responses to biologic therapies in in-
flammatory bowel disease. Cell Host Microbe. 29, 1294–1304.e4

18. Caruso, C. (2019) MIG in Crohn's disease. Clin. Ter. 170, 
e206–e210

19. Jeevarathinam, K., Ghosh, A. K., Srinivasan, A., and Das Gupta,
S. (1988) Pharmacokinetics of pralidoxime chloride and its 
correlation to therapeutic efficacy against diisopropyl fluo-
rophosphate intoxication in rats. Pharmazie. 43, 114–115

20. Clemente, J. C., Manasson, J., and Scher, J. U. (2018) The role of 
the gut microbiome in systemic inflammatory disease. BMJ. 360, 
j5145

21. Gill, D., Georgakis, M. K., Walker, V. M., Schmidt, A. F., Gkat-
zionis, A., Freitag, D. F., et al. (2021) Mendelian randomization for 
studying the effects of perturbing drug targets. Wellcome Open 
Res. 6, 16

22. Davey Smith, G., and Hemani, G. (2014) Mendelian randomi-
zation: genetic anchors for causal inference in epidemiological 
studies. Hum. Mol. Genet. 23, R89–R98

23. Cohen, J. C., Boerwinkle, E., Mosley, T. H., Jr., and Hobbs, H. H. 
(2006) Sequence variations in PCSK9, low LDL, and protec-
tion against coronary heart disease. New Engl. J. Med. 354, 
1264–1272

24. Jeon, H., and Blacklow, S. C. (2005) Structure and physiologic 
function of the low-density lipoprotein receptor. Annu. Rev. 
Biochem. 74, 535–562

25. Mead, J. R., Irvine, S. A., and Ramji, D. P. (2002) Lipoprotein 
lipase: structure, function, regulation, and role in disease. J. Mol. 
Med. 80, 753–769

26. Mach, F., Baigent, C., Catapano, A. L., Koskinas, K. C., Casula, M., 
Badimon, L., et al. (2020) 2019 ESC/EAS Guidelines for the 
management of dyslipidaemias: lipid modification to reduce 
cardiovascular risk. Eur. Heart J. 41, 111–188

27. Grundy, S. M., Stone, N. J., Bailey, A. L., Beam, C., Birtcher, K. K., 
Blumenthal, R. S., et al. (2019) 2018 AHA/ACC/AACVPR/ 
AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA 
guideline on the management of blood cholesterol: a Report of 
the American college of cardiology/American heart associa-
tion task force on clinical practice guidelines. Circulation. 139, 
e1082–e1143

28. Bor ´ en, J., Taskinen, M. R., Björnson, E., and Packard, C. J. (2022) 
Metabolism of triglyceride-rich lipoproteins in health and 
dyslipidaemia. Nat. Rev. Cardiol. 19, 577–592

29. Ridker, P. M. (2014) LDL cholesterol: controversies and future 
therapeutic directions. Lancet. 384, 607–617

30. Ross, S., D'Mello, M., Anand, S. S., Eikelboom, J., Stewart, A. F., 
Samani, N. J., et al. (2015) Effect of bile acid sequestrants on the 
risk of cardiovascular events: a mendelian randomization 
analysis. Circ. Cardiovasc. Genet. 8, 618–627

31. Willer, C. J., Schmidt, E. M., Sengupta, S., Peloso, G. M., 
Gustafsson, S., Kanoni, S., et al. (2013) Discovery and 
refinement of loci associated with lipid levels. Nat. Genet. 
45, 1274–1283

32. Li, Z., Zhang, B., Liu, Q., Tao, Z., Ding, L., Guo, B., et al. (2023) 
Genetic association of lipids and lipid-lowering drug target 
genes with non-alcoholic fatty liver disease. EBioMedicine. 90, 
104543

33. Brion, M. J., Shakhbazov, K., and Visscher, P. M. (2013) Calcu-
lating statistical power in Mendelian randomization studies. Int. 
J. Epidemiol. 42, 1497–1501

34. Hemani, G., Tilling, K., and Davey Smith, G. (2017) Orienting 
the causal relationship between imprecisely measured traits 
using GWAS summary data. PLoS Genet. 13, e1007081

35. de Lange, K. M., Moutsianas, L., Lee, J. C., Lamb, C. A., Luo, Y., 
Kennedy, N. A., et al. (2017) Genome-wide association study 
implicates immune activation of multiple integrin genes in 
inflammatory bowel disease. Nat. Genet. 49, 256–261

36. Aragam, K. G., Jiang, T., Goel, A., Kanoni, S., Wolford, B. N., 
Atri, D. S., et al. (2022) Discovery and systematic characterization 
of risk variants and genes for coronary artery disease in over a 
million participants. Nat. Genet. 54, 1803–1815

37. Kurilshikov, A., Medina-Gomez, C., Bacigalupe, R., Radjabza-
deh, D., Wang, J., Demirkan, A., et al. (2021) Large-scale associa-
tion analyses identify host factors influencing human gut 
microbiome composition. Nat. Genet. 53, 156–165

38. Ahola-Olli, A. V., Würtz, P., Havulinna, A. S., Aalto, K., Pit-
känen, N., Lehtimäki, T., et al. (2017) Genome-wide association 
study identifies 27 loci influencing concentrations of circu-
lating cytokines and growth factors. Am. J. Hum. Genet. 100, 
40–50

39. Burgess, S., Butterworth, A., and Thompson, S. G. (2013) Men-
delian randomization analysis with multiple genetic variants 
using summarized data. Genet. Epidemiol. 37, 658–665

40. Ferkingstad, E., Sulem, P., Atlason, B. A., Sveinbjornsson, G., 
Magnusson, M. I., Styrmisdottir, E. L., et al. (2021) Large-scale 
integration of the plasma proteome with genetics and disease. 
Nat. Genet. 53, 1712–1721

41. Bowden, J., Davey Smith, G., Haycock, P. C., and Burgess, S. (2016) 
Consistent estimation in mendelian randomization with some 
invalid instruments using a weighted median estimator. Genet. 
Epidemiol. 40, 304–314

42. Hartwig, F. P., Davey Smith, G., and Bowden, J. (2017) Robust 
inference in summary data Mendelian randomization via the 
zero modal pleiotropy assumption. Int. J. Epidemiol. 46, 
1985–1998

Causal links between lipid-lowering drugs and IBD 13

http://refhub.elsevier.com/S0022-2275(25)00133-6/sref3
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref3
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref3
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref3
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref4
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref4
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref4
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref4
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref5
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref5
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref5
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref5
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref6
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref6
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref6
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref7
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref7
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref7
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref8
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref8
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref8
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref8
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref8
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref9
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref9
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref9
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref9
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref10
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref10
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref10
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref10
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref11
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref11
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref11
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref11
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref12
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref12
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref12
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref12
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref13
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref13
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref13
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref13
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref14
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref14
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref14
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref14
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref14
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref15
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref15
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref15
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref15
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref16
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref16
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref16
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref16
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref17
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref17
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref17
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref17
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref18
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref18
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref19
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref19
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref19
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref19
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref20
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref20
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref20
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref21
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref21
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref21
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref21
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref22
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref22
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref22
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref23
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref23
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref23
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref23
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref24
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref24
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref24
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref25
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref25
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref25
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref26
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref26
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref26
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref26
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref27
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref27
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref27
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref27
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref27
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref27
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref27
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref28
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref28
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref28
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref29
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref29
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref30
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref30
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref30
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref30
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref31
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref31
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref31
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref31
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref32
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref32
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref32
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref32
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref33
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref33
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref33
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref34
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref34
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref34
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref35
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref35
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref35
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref35
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref36
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref36
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref36
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref36
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref37
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref37
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref37
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref37
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref38
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref38
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref38
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref38
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref38
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref39
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref39
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref39
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref40
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref40
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref40
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref40
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref41
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref41
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref41
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref41
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref42
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref42
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref42
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref42


43. Slob, E. A. W., and Burgess, S. (2020) A comparison of robust 
Mendelian randomization methods using summary data. Genet. 
Epidemiol. 44, 313–329

44. Bowden, J., Davey Smith, G., and Burgess, S. (2015) Mendelian 
randomization with invalid instruments: effect estimation and 
bias detection through Egger regression. Int. J. Epidemiol. 44, 
512–525

45. Verbanck, M., Chen, C. Y., Neale, B., and Do, R. (2018) Detection 
of widespread horizontal pleiotropy in causal relationships 
inferred from Mendelian randomization between complex 
traits and diseases. Nat. Genet. 50, 693–698

46. Bowden, J., Spiller, W., Del Greco, M. F., Sheehan, N., Thomp-
son, J., Minelli, C., et al. (2018) Improving the visualization, 
interpretation and analysis of two-sample summary data 
Mendelian randomization via the Radial plot and Radial 
regression. Int. J. Epidemiol. 47, 2100

47. Yavorska, O. O., and Burgess, S. (2017) MendelianRandom-
ization: an R package for performing Mendelian randomi-
zation analyses using summarized data. Int. J. Epidemiol. 46, 
1734–1739

48. Di Costanzo, A., Di Leo, E., Noto, D., Cefalù, A. B., Minicocci, I., 
Polito, L., et al. (2017) Clinical and biochemical characteristics of 
individuals with low cholesterol syndromes: a comparison be-
tween familial hypobetalipoproteinemia and familial com-
bined hypolipidemia. J. Clin. Lipidol. 11, 1234–1242

49. Hyun, H. K., Lee, H. W., Park, J., Park, S. J., Park, J. J., Kim, T. I., 
et al. (2024) Hepatic steatosis but not fibrosis is independently 
associated with poor outcomes in patients with inflammatory 
bowel disease. Gut Liver. 18, 294–304

50. Zhang, X., Tu, J., Ding, S., Wang, M., Ding, Y., Lin, Z., et al. (2022) 
Increased angiopoietin-like 4 expression ameliorates inflam-
matory bowel diseases via suppressing CD8(+) T cell activities. 
Biochem. Biophys. Res. Commun. 612, 37–43

51. Hern ´ andez-Rocha, C., Borowski, K., Turpin, W., Filice, M., 
Nayeri, S., Raygoza Garay, J. A., et al. (2021) Integrative analysis 
of colonic biopsies from inflammatory bowel disease patients 
identifies an interaction between microbial bile acid-inducible 
gene abundance and human angiopoietin-like 4 gene expres-
sion. J. Crohns Colitis. 15, 2078–2087

52. Hern ´ andez-Camba, A., Carrillo-Palau, M., Ramos, L., de Armas-
Rillo, L., Vela, M., Arranz, L., et al. (2022) Apolipoprotein C3 is 
downregulated in patients with inflammatory bowel disease. 
Clin. Transl. Gastroenterol. 13, e00500

53. Yilmaz, B., Juillerat, P., Øyås, O., Ramon, C., Bravo, F. D., Franc, 
Y., et al. (2019) Microbial network disturbances in relapsing re-
fractory Crohn's disease. Nat. Med. 25, 323–336

54. Luo, J., Yang, H., and Song, B. L. (2020) Mechanisms and regu-
lation of cholesterol homeostasis. Nat. Rev. Mol. Cell Biol. 21, 
225–245

55. Yuan, J., Cai, T., Zheng, X., Ren, Y., Qi, J., Lu, X., et al. (2021) 
Potentiating CD8(+) T cell antitumor activity by inhibiting 
PCSK9 to promote LDLR-mediated TCR recycling and 
signaling. Protein Cell. 12, 240–260

56. Casalegno Gardu ˜ no, R., and Däbritz, J. (2021) New insights on 
CD8(+) T cells in inflammatory bowel disease and therapeutic 
approaches. Front. Immunol. 12, 738762

57. Corridoni, D., Antanaviciute, A., Gupta, T., Fawkner-Corbett, D., 
Aulicino, A., Jagielowicz, M., et al. (2020) Single-cell atlas of 
colonic CD8(+) T cells in ulcerative colitis. Nat. Med. 26, 
1480–1490

58. Rodriguez, J., Hiel, S., Neyrinck, A. M., Le Roy, T., Pötgens, S. A., 
Leyrolle, Q., et al. (2020) Discovery of the gut microbial signa-
ture driving the efficacy of prebiotic intervention in obese 
patients. Gut. 69, 1975–1987

59. He, S., Li, J., Yao, Z., Gao, Z., Jiang, Y., Chen, X., et al. (2023) In-
sulin alleviates murine colitis through microbiome alterations 
and bile acid metabolism. J. Transl. Med. 21, 498

60. Veltkamp, C., Lan, S., Korompoki, E., Weiss, K. H., Schmidt, H., 
and Seitz, H. K. (2022) Hepatic steatosis and fibrosis in chronic 
inflammatory bowel disease. J. Clin. Med. 11, 2623

61. Wu, S. A., Kersten, S., and Qi, L. (2021) Lipoprotein lipase and its 
regulators: an unfolding story. Trends Endocrinol. Metab. 32, 48–61

62. Rodríguez-Hern ´ andez, O., Carrillo-Palau, M., Hern ´ andez-
Camba, A., Alonso-Abreu, I., Ramos, L., de Armas-Rillo, L., et al. 
(2023) Serum levels of lipoprotein lipase are increased in pa-
tients with inflammatory bowel disease. Int. J. Mol. Sci. 24, 5194

63. Nowarski, R., Jackson, R., Gagliani, N., de Zoete, M. R., Palm, N. 
W., Bailis, W., et al. (2015) Epithelial IL-18 equilibrium controls 
barrier function in colitis. Cell. 163, 1444–1456

64. Bian, X., Wu, W., Yang, L., Lv, L., Wang, Q., Li, Y., et al. (2019) 
Administration of akkermansia muciniphila ameliorates 
dextran sulfate sodium-induced ulcerative colitis in mice. Front. 
Microbiol. 10, 2259

65. Morgan, X. C., Tickle, T. L., Sokol, H., Gevers, D., Devaney, K. L., 
Ward, D. V., et al. (2012) Dysfunction of the intestinal micro-
biome in inflammatory bowel disease and treatment. Genome 
Biol. 13, R79

66. Dolinger, M., Torres, J., and Vermeire, S. (2024) Crohn's disease. 
Lancet. 403, 1177–1191

67. Guo, X. Y., Liu, X. J., and Hao, J. Y. (2020) Gut microbiota in 
ulcerative colitis: insights on pathogenesis and treatment. J. Dig. 
Dis. 21, 147–159

14 J. Lipid Res. (2025) 66(9) 100871

http://refhub.elsevier.com/S0022-2275(25)00133-6/sref43
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref43
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref43
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref44
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref44
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref44
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref44
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref45
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref45
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref45
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref45
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref46
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref46
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref46
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref46
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref46
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref47
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref47
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref47
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref47
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref48
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref48
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref48
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref48
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref48
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref49
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref49
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref49
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref49
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref50
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref50
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref50
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref50
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref51
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref51
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref51
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref51
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref51
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref51
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref52
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref52
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref52
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref52
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref53
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref53
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref53
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref54
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref54
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref54
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref55
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref55
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref55
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref55
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref56
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref56
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref56
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref57
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref57
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref57
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref57
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref58
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref58
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref58
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref58
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref59
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref59
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref59
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref60
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref60
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref60
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref61
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref61
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref62
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref62
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref62
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref62
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref63
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref63
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref63
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref64
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref64
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref64
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref64
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref65
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref65
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref65
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref65
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref66
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref66
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref67
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref67
http://refhub.elsevier.com/S0022-2275(25)00133-6/sref67

	Lipid-lowering drug targets influence inflammatory bowel disease through gut microbiota and inflammatory cytokines
	Materials and methods
	Study design
	Genetic variant selection
	Outcome data source
	Mediation data source
	Statistical analysis
	Drug-target MR analysis
	Mediation MR analysis
	Sensitivity analysis


	Results
	Genetic IV selection and validation
	Identification of lipid-lowering drug target causally associated with IBD, CD, and UC
	Identification of gut microbiota and inflammatory cytokines causally associated with IBD, CD, and UC
	Effect of lipid-lowering drug target on identified gut microbiota and inflammatory cytokines
	Mediation effect of lipid-lowering drug target on IBD, UC, and CD via gut microbiota and inflammatory cytokines
	Validation analysis

	Discussion
	Data availability

	Supplemental data
	Ethics approval and consent to participate
	Acknowledgments
	Author contributions
	Funding and additional information
	References


