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Background: Dyslipidemia may be an important modifiable risk factor contributing to the increased cardiovascular risk in inflammatory bowel 
disease (IBD). The lipid metabolism is subject to both systemic inflammation and drug therapy; however, it is unclear if this effect is drug-class 
dependent. Our aim was to assess lipid changes after IBD induction therapy and evaluate associated factors with a particular focus on drug 
class and disease activity.
Methods: In this prospective study, consecutive IBD patients starting systemic therapy (eg, corticosteroids, thiopurines, methotrexate, anti-
TNF-α agents, vedolizumab, ustekinumab, and tofacitinib) were included. Primary outcomes were changes in total cholesterol, high density 
lipoprotein cholesterol (HDL-c), low-density lipoprotein cholesterol (LDL-c), and triglycerides at week 10.
Results: One hundred ninety-eight IBD patients (107 women [54%], median age 36 years; interquartile range [IQR], 27-47) were included: 137 
Crohn’s disease (67%), 61 ulcerative colitis (29%), and 8 IBD-unclassified (4%). Median C-reactive protein and fecal calprotectin at baseline were 
5.1 mg/L (IQR, 1.6-12.0) and 1040 ug/g (IQR, 383-1800), respectively. Relative increases in total cholesterol, HDL-c, and LDL-c were significant 
after prednisone (+26%, +31%, +12%) and tofacitinib therapy (+20%, +25%, +26%), respectively. Results remained after adjusting for con-
comitant corticosteroids, cholestyramine, and PSC diagnosis. Changes in clinical scores were inversely correlated with total cholesterol changes 
(R −186, P = .014), as was CRP with total cholesterol and LDL-c (R −0.292 and R −0.259, P < .001). No correlation was found with FCP. Lipid 
changes remained after adjusting for age and CRP.
Conclusions: Prednisone and tofacitinib induction therapy significantly increase serum lipid levels, whereas no changes were observed in other 
drug classes. The observations seem drug-specific inasmuch as adjustment for systemic inflammation did not alter the results.

Lay Summary 
Prednisone and tofacitinib induction therapy increase lipid levels, whereas no changes are observed for immunomodulators and newer biologics. 
The observations seem drug-specific on top of control of inflammation. Studies on long-term consequences of IBD drug-induced lipid changes 
are required.
Key Words: corticosteroids, immunomodulators, biologics, tofacitinib, lipids

Introduction
Inflammatory bowel disease (IBD) is a proatherogenic condi-
tion associated with increased risk of cardiovascular disease 
compared with the general population.1,2 However, since tra-
ditional risk factors do not capture full cardiovascular risk in 
IBD, risk assessment models may underestimate the cardiovas-
cular risk.3,4 In the general population, dyslipidemia is one of 
the most important modifiable risk factors for cardiovascular 
disease through promoting atherosclerosis. In particular, the 
association between total cholesterol and low density lipopro-
tein cholesterol (LDL-c) with cardiovascular morbidity and 
mortality is robust, even in young patients, with an estimated 
low 10-year cardiovascular risk.5,6 Unlike the general popu-
lation, the role of lipid levels in cardiovascular outcomes in 
IBD is not well established and therefore subject to research. 

Paradoxically, patients with active IBD show reduced levels of 
total cholesterol and LDL-c but not high density lipoprotein 
cholesterol (HDL-c) and triglycerides compared with patients 
in disease remission and the general population.7,8 This might 
be explained by the reverse association between systemic 
inflammation and lipid levels, as well as the intestinal mal-
absorption of cholesterol and fat.9 Drug therapy to treat intes-
tinal inflammation might significantly modify circulating lipid 
levels through both pathways. The magnitude of the effect of 
currently used IBD drug therapies on lipid levels is largely un-
known. In IBD, elevations of lipid levels have been systemati-
cally studied and consistently reported in corticosteroids and 
tofacitinib.10 The lipid-modulating effect of tumor necrosis 
factor alpha (TNF-α) is derived from small studies with con-
flicting results; this effect is yet unknown for other IBD drugs 
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such as immunomodulators and newer biologicals.11,12 These 
data are needed to evaluate whether lipid changes are drug-
specific or a more general consequence of improved control of 
systemic and/or intestinal inflammation. In drug-specific lipid 
changes, long-term consequences of these drugs need to be 
explored to guide screening and management. Therefore, the 
aim of the current study was to evaluate lipid changes after 
induction therapy with various drugs for IBD.

Materials and Methods
Study Design and Population
In this single-center, prospective cohort study, all consecutive 
IBD patients 17 years and older who started systemic drug 
therapy between April 2019 and March 2021 were enrolled 
after informed consent. In the Netherlands, corticosteroids, 
thiopurines, methotrexate, infliximab, adalimumab, 
vedolizumab, ustekinumab, and tofacitinib are registered as 
IBD therapies (Supplementary Table 1). Exclusion criteria 
were (1) the use of lipid-lowering drugs, with the exception 
of cholestyramine on stable dose throughout the study; (2) 
supplements containing plant sterols/stanols or cholestin; (3) 
pregnancy; and (4) a history of liver transplantation.

Outcome Measures
Primary outcomes were lipid changes after induction therapy 
measured by serum levels of total cholesterol, HDL-c, LDL-
c, triglycerides, apolipoprotein B (apo B), and lipoprotein(a) 
(lp[a]) at baseline and at 10 weeks (scope ±2 weeks) after 
start of treatment. Secondary outcomes included (1) changes 
in other lipid markers (apolipoprotein B and lipoprotein[a]); 
(2) atherogenic lipid indices (LDL-c/HDL-c ratio and total 
cholesterol/HDL-c ratio); and (3) associations between lipid 
changes and therapy response. Clinical activity scores used 
were the Harvey Bradshaw Index (HBI) and Simple Clinical 
Colitis Activity Index (SCCAI). Inflammatory parameters col-
lected were C-reactive protein (CRP) and fecal calprotectin 
(FCP), with normal values defined as < 10  mg/L and < 250 
ug/g, respectively. All lipid levels were measured on nonfasting 
samples using standard laboratory techniques.13 Samples 
were centrifuged for 5 minutes on 3000 g. Rochec/Hitachi 
cobas c systems were used for quantitative determination 
of lipid parameters. Total cholesterol, HDL-c, LDL-c, and 
triglycerides were executed with homogeneous enzymatic 
colorimetric assays. Apolipoprotein B and lipoprotein(a) 
were executed with immunoturbidimetric assays. Active 

inflammation was defined as HBI>5, SCCAI>5 and/or fecal 
calprotectin >250 ug/g. Covariates measured were patient 
and disease characteristics (ie, age, sex, body mass index, 
smoking state, IBD diagnosis, Montreal classification, disease 
duration, surgical history; and concomitant use, type, and 
dose of corticosteroids and cholestyramine).

Statistical Analysis
Patient and disease characteristics were described as 
frequencies (%), mean (standard deviation) and median 
(interquartile range [IQR]) depending on type and distri-
bution of data. Lipid levels at baseline and after induc-
tion therapy were compared within each treatment group 
using 1-sample Wilcoxon signed rank test. Within the cor-
ticosteroid group, stratification was performed on type of 
drug (ie, budesonide vs prednisone). Waterfall plots were 
used to graphically illustrate the intraindividual varia-
tion in response. In all other groups, sensitivity analyses 
were performed, excluding patients on concomitant 
corticosteroids and cholestyramine or those diagnosed with 
primary sclerosing cholangitis. Spearman correlation test 
was performed to assess the association between changes 
in lipid levels and markers of disease activity. Linear regres-
sion models were applied to calculate lipid changes (mean, 
standard error [SE]) corrected for factors shown to influ-
ence drug-induced lipid changes in IBD (ie, age and CRP 
changes).10 A 2-sided P value < .05 was considered statis-
tically significant for all tests. Data were analyzed in IBM 
SPSS Statistics for Windows (version 24.0).

Power Calculation
Based on data from 905 subjects participating in the OCTAVE 
trials with mean baseline HDL-c level of 1.5 mmol/L and 
LDL-c level of 2.6 mmol/L, relative changes of ≥20% (0.3 
mmol/L) in HDL-c and ≥15% in LDL-c (0.4 mmol/L) 
were considered clinically relevant.14 Following a 2-sided, 
1-sample t test with significance level 0.05, a sample size of 
20 participants per treatment group reaches ≥80% power to 
detect changes in relevant ranges. The power calculation was 
performed in R Core Team (2018).

Ethical Considerations
The institutional medical ethics committee of the Erasmus 
Medical Center approved the protocol (MEC-2019-0073). 
The study was publicly registered at the Netherlands Trial 
Register, part of the Dutch Cochrane Centre (NL9844). The 
study was conducted in compliance with the Declaration of 
Helsinki.

Results
Baseline Characteristics
Inclusion flowchart and baseline patient characteristics and 
lipid levels are displayed in Supplementary Figure 1 and Table 
1. In total, 198 patients were included: 107 women (54%), 
with a median age of 36 years (IQR, 27-47). The majority 
had Crohn’s disease (n = 133, 67%) and presented with ac-
tive disease (n = 184, 93%). Median follow-up was 9.7 weeks 
(range 8.0-11.9). Seven patients were diagnosed with pri-
mary sclerosing cholangitis (3.5%). Twenty-nine patients 
started corticosteroids (20 budesonide and 9 prednisone), 27 
thiopurines, 10 methotrexate, 21 infliximab, 30 adalimumab, 

Key Messages

•	 What is already known?  The lipid metabolism in IBD is 
subject to both systemic inflammation and drug ther-
apy.

•	 What is new here? Increase in lipid levels seem drug-
specific, as prednisone and tofacitinib induction ther-
apy significantly increase serum lipid levels, whereas 
no changes are observed in immunomodulators or 
biologics.

•	 How can this study help patient care? The results 
prompt further research to assess the long-term 
consequences of these drug-induced lipid increases on 
cardiovascular risk in IBD patients.

http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izac100#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izac100#supplementary-data
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28 vedolizumab, 35 ustekinumab, and 18 tofacitinib. At base-
line, 42 patients (21%) were on concomitant corticosteroids 
with a median dose of budesonide 6  mg (IQR, 6-–9) and 
prednisone 20  mg (IQR, 16-–30); in 29/42 patients (69%) 
corticosteroids were tapered until discontinuation during 
follow-up. Nine patients were on stable dose cholestyramin 
(4.5%). The distribution of lipid levels at baseline was similar 
between the drug therapy groups.

Lipid Changes
Mean lipid changes after induction therapy are shown 
in Table 2 and Figure 1. Treatment with corticosteroids 
increased total cholesterol and HDL-c levels significantly 
(+0.40 mmol/L; IQR, −0.10 to 0.85; +8%, P = .009; 
and + 0.19 mmol/L; IQR, −0.02 to 0.34; +15%, P = .002, 
respectively). Tofacitinib increased total cholesterol, HDL-
c, and LDL-c levels (+0.90 mmol/L; IQR, 0.38-1.43; +20%,  
P = .002; +0.41 mmol/L; IQR, −0.14 to 0.71; +25%, P = .028;  
and +0.73 mmol/L; IQR, 0.05-1.15; +26%, P = .002, re-
spectively). After treatment with thiopurine, a significant 
decrease in lp(a) levels was observed. No significant lipid 
changes were observed after treatment with methotrexate, 
thiopurines, vedolizumab, or ustekinumab.

Within the corticosteroid group, overall changes seemed to 
be mainly contributed by the subgroup of prednisone users 
(total cholesterol, +0.90 mmol/L; IQR, 0.20-1.2; +26%;  
P = .024; HDL-c, +0.30; IQR, −0.07-0.66; +31%, P = .022; and 
LDL-c, +0.30; IQR, 0.04-0.50; +12%, P = .048, respectively) 
in contrast to the modest changes observed for budesonide 
(total cholesterol, +0.30 mmol/L; IQR, −0.25 to 0.48; +7%; 
HDL-c, +0.11; IQR, −0.01 to 0.32; +9%; and LDL-c, +0.15; 
IQR, −0.32 to 0.50; +6%, respectively). At individual patient 
level, the effect of prednisone and tofacitinib on lipid levels 
varied, with 44% and 37% of patients exceeding the 20% 
and 30% thresholds of LDL-c increase (Figure 2). Atherogenic 
indices decreased significantly after start of prednisone 
(LDL-c/HDL-c ratio, −0.32; IQR, −0.63 to 0.09; P = .047;  
and total cholesterol/HDL-c ratio, −0.33; IQR, −0.88 to 0.19; 
P = .049, respectively) (Supplementary Table 3).

Sensitivity Analyses and Linear Regression Models
Exclusion of patients using concomitant corticosteroids or 
cholestyramine and those diagnosed with primary sclero-
sing cholangitis did not significantly affect observed total 
cholesterol changes (Supplementary Table 2). Within the 
tofacitinib group, a potential additive effect of cortico-
steroid exposure was observed on median total cholesterol 
changes (tofacitinib monotherapy, +0.90 mmol/L; IQR, 
0.38-1.43); combination therapy, +1.10 mmol/L; IQR, 0.60-
1.70, respectively).

Clinical disease activity scores, CRP levels, and FCP levels 
at baseline and after induction therapy were available in 198 
patients (100%), 163 patients (82.3%), and 104 patients 
(52.5%), respectively. Changes in clinical disease activity 
scores inversely correlated with total cholesterol changes 
(R −0.186, P = .014) and changes in CRP with changes in 
both total cholesterol and LDL-c (R −0.292, P < .001; and 
R −0.259, P = .001, respectively; Table 3, Supplementary 
Figure 2). No correlation was found between FCP and lipid 
changes. Correction for age and CRP changes did not modify 
observed lipid changes in any therapy group (Supplementary 
Table 4). Ta
b
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Discussion
Inflammatory bowel disease is associated with an increased 
risk of arterial cardiovascular disease. However, the etiology 
of this association is insufficiently explored, including the 
nature and cause of lipid changes during the stepwise pro-
gression of atherosclerosis. In this study, we observed that 
prednisone and tofacitinib are associated with significant 
increases in total cholesterol, HDL-c, and LDL-c levels; al-
though for other systemic IBD drugs, no lipid changes were 
observed. Changes in total cholesterol within therapy groups 
inversely correlated with—but were not significantly modified 
by—changes in CRP, as a marker of systemic inflammation.

In general, corticosteroids are well-known for their ad-
verse effect on lipid levels.15 This study adds to existing data 
in providing IBD-specific data, which is important because in 
active IBD, intestinal inflammation also plays a role in lipid 

absorption.16 The observed LDL-c and HDL-c elevation fol-
lowing prednisone treatment can be explained by an increase 
of very low density lipoprotein (VLDL) synthesis and lipo-
protein lipase activity.17 In contrast to prednisone, budesonide 
has a neutral effect on lipid levels. This so-called second gen-
eration glucocorticosteroids undergo a high first-pass metab-
olism (80% to 90% inactivation by the liver), resulting in 
minimal systemic absorption, reduced bioavailability, and 
low incidence rates of endocrine-related adverse events.18,19

Our findings are similar to previous tofacitinib studies 
that reported modest increases in lipid levels after induction 
therapy.20–22 Lipoprotein kinetics studies in rheumatoid ar-
thritis and psoriasis showed that tofacitinib reduced choles-
terol ester catabolism, resulting in lipid level increases.23,24 
These 2 pathways could explain the observed additive effect 
of combination therapy with tofacitinib and prednisone on the 

Figure 1. Relative lipid changes from baseline after induction therapy. Abbreviations: BUD, budesonide; PRED, prednisone; THIO, thiopurines; MTX, 
methotrexate; IFX, infliximab; ADA, adalimumab; VEDO, vedolizumab; UST, ustekinumab; TOFA, tofacitinib; HDL-c, high density lipoprotein cholesterol; 
LDL-c, low density lipoprotein cholesterol.

Figure 2. Distribution of relative changes in LDL-c for individual patients after 10-week treatment with prednisone or tofacitinib.
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observed increase of lipid levels. The decrease in atherogenic in-
dices was observed only after prednisone induction and results 
from a relatively higher increase of HDL-c levels compared 
with levels after tofacitinib induction. This observation might 
be explained by the net effect of the previously mentioned 
prednisone-induced changes in the HDL-c biogenesis and me-
tabolism. However, a postulated benefit of a decrease of ath-
erogenic indices is presumably offset by the increase in LDL-c 
and triglyceride levels and other cardiovascular side effects of 
prednisone, such as insulin resistance and hypertension.

Literature on the effect of TNF-α antagonists on lipid levels 
is conflicting. A recent meta-analysis of our group showed no 
significant changes after induction and maintenance treat-
ment with TNF-α antagonists.21 In contrast with our results, 
2 studies on infliximab reported increases in total cholesterol 
and HDL-c levels over time in IBD patients.11,25,26 Similarly, 
lipid increases induced by anti-TNF-α are reported in patients 
with rheumatoid arthritis.23 The contrasting results seem not 
to arise from clinical or methodological differences.

The concurrent decline in clinical scores and CRP levels and 
increase in total cholesterol levels are in line with previous 
observations made in IBD.27 Disease severity has been linked 
to the degree of lipid reduction in various inflammatory and 
infectious diseases.7 Since active inflammation might mask 
hyperlipidemia, these findings highlight the importance of in-
terpretation of lipid levels in the context of inflammatory ac-
tivity in IBD patients. The direct biological link between lipids 
and intestinal inflammation (ie, potential disturbed intestinal 
lipid uptake) is not yet fully understood. No correlation be-
tween lipids and fecal calprotectin was observed, which might 
be explained by missing data in 50% of patients and/or by 
the fact that fecal calprotectin is not an accurate marker of 
disease extent and severity. The observed differences in lipid-
modulating effect between drug classes suggest drug-specific 
effects on top of control of inflammation. Assessment of cho-
lesterol and lipoprotein kinetics during therapy are needed to 
provide insight in pathophysiological mechanisms underlying 
the observed differences between registered IBD drugs. This 
will also help to further understand the link between lipids 
and cardiovascular risk in IBD.

Further studies are required to assess long-term effects of IBD 
drugs on lipid levels. In addition, the impact of short-term lipid 
changes on the long-term consequence of cardiovascular events 
needs further consideration. Corticosteroid exposure has been 

associated with an increased risk of heart failure and ischemic 
heart disease, although confounding by severe IBD has not been 
refuted.28–30 However, long-term prednisone exposure is merely 
of historical interest inasmuch as maintenance of prednisone is 
no longer a valid therapy for IBD. Data on a possible cumulative 
effect of repeated course of prednisone are lacking. Additional 
data are required for the long-term consequence of tofacitinib-
induced transient vs persistent lipid changes. According to the 
tofacitinib registration trials and long-term extension data, lipid 
increases fluctuate but overall stabilize during maintenance 
therapy; and they reverse to baseline values after therapy ces-
sation (ie, re-randomization to placebo).20 Recently, a Food 
and Drug Administration (FDA) warning was launched after 
reports on an increased incidence of myocardial infarction in 
tofacitinib-treated rheumatoid arthritis patients (50 years and 
oder).31 For IBD, data on cardiovascular endpoints from long-
term real-world cohorts are lacking.

To our knowledge, we are the first to study the short-term 
lipid-modulating effects of various IBD drugs, including 
thiopurines, methotrexate, vedolizumab, and ustekinumab. 
Further strengths of the present study are the inclusion of 
all consecutive patients and the single-center design, which 
ascertains homogeneity in clinical practice and data collec-
tion, including laboratory techniques to improve between-
class comparison. Limitations are the potential selection bias 
by disease severity (eg, higher levels of FCP in ustekinumab 
and tofacitinib groups) and treatment indication (eg, prior 
drug exposure, coexistence of extraintestinal manifestations), 
despite the unselected inclusion of IBD patients to minimize 
potential confounding. An effect of methotrexate on lipid 
levels cannot be refuted due to the small sample size as a con-
sequence of the low prescription rate in this relatively young 
population of IBD patients. Moreover, statistical power was 
insufficient to stratify for IBD diagnosis, disease extent, and 
history of intestinal surgery. Further studies are required to 
address these associations. Moreover, no data were collected 
on body weight, diet, and physical activity over the course of 
the study, hindering adjustment for these corelated factors.

Conclusion
To conclude, prednisone and tofacitinib induction therapy sig-
nificantly increase total cholesterol, HDL-c, and LDL-c levels. 
These lipid changes are not observed after induction therapy 
with thiopurines, methotrexate, infliximab, adalimumab, 
vedolizumab, and ustekinumab. Although an inverse corre-
lation between lipid levels and systemic inflammation exists, 
the observed lipid changes are drug-specific and occur inde-
pendent of control of systemic inflammation. Studies on long-
term consequences of lipid changes associated with tofacitinib 
exposure are required.

Supplementary Data
Supplementary data is available at Inflammatory Bowel 
Diseases online.
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Table 3. Correlation between lipid changes and clinical scores and 
inflammatory markers

 Clinical Score 
(n = 198)

CRP (n = 163) FCP 
(n = 104)

R P R P R P 

Total cholesterol −0.166 0.028 −0.282  < .001  + 0.023 ns

HDL-c −0.064 ns −0.031 ns  + 0.081 ns

LDL-c −0.094 ns −0.254 .001  + 0.045 ns

Triglycerides −0.047 ns −0.060 ns  + 0.040 ns

Apo B −0.030 ns −0.119 ns  + 0.171 ns

Lp(a) −0.088 ns  + 0.149 ns  + 0.089 ns

Abbreviations: R, correlation coefficient; P, significance value; ns, not 
significant; CRP, C-reactive protein; FCP, fecal calprotectin. Clinical scores: 
Harvey-Bradshaw Index for Crohn’s disease and Simple Clinical Colitis 
Activity Index for ulcerative colitis.
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