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AbsTRACT 
objectives: Blocking the interleukin-6 pathway by tocilizumab (TCZ) has been 
associated with changes in the lipoprotein profile, which could adversely impact 
cardiovascular (CV) risk in patients with rheumatoid arthritis (RA). In the present study, 
we addressed the effect of TCZ on lipoproteins in both fasting and non-fasting state in 
RA patients and tested effect of TCZ on LDL receptor (LDLr) expression in vitro. 

Methods: Twenty patients with active RA and an inadequate response to TNF blockers 
received monthly TCZ intravenously. On week 0, 1 and 6 blood was drawn before and 
after an oral fat-load and the lipid profiles were measured. Effects of TCZ on LDLr 
expression in transfected HepG2 cells were subjected.

Results: After 6 weeks of TCZ, total cholesterol increased by 22% (4.8±0.9 to 
5.9±1.3  mmol/L; p<0.001), LDLc by 22% (3.0±0.6 to 3.6±0.8 mmol/L; p<0.001) 
and HDLc by 17% (1.4±0.4 to 1.7±0.7 mmol/L; p<0.016). Fasting triglycerides (TG) 
increased by 48% (1.0±0.4 to 1.4±0.8 mmol/L; p=0.011), whereas postprandial 
incremental area-under-the-curve TG increased by 62% (p=0.002). Lipid changes 
were unrelated to the change in disease activity or inflammatory markers. In vitro, 
LDLr expression was found to be significantly decreased following TCZ incubation 
(P<0.001) in cultured liver cells.

Conclusions: TCZ adversely impacts on both LDLc as well as fasting and postprandial 
TG in patients with RA. The changes in hepatic LDLr expression following TCZ imply 
that adverse lipid changes may be a direct hepatic effect of TCZ. The net effect of TCZ 
on CV-morbidity has to be confirmed in future clinical trials.
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InTRoDuCTIon
Rheumatoid arthritis (RA) has been widely acknowledged to increase cardiovascular 
morbidity and mortality, irrespective of established classical risk factors [1,2]. Apart 
from the chronic inflammatory state as a driver of the excess cardiovascular risk 
[3], additional pro-atherosclerotic pathways including changes in the coagulation 
and fibrinolytic system and impaired endothelial regenerative capacity have been 
implicated [4]. Aggressive management of inflammatory activity in RA patients has 
been projected to reduce this augmented cardiovascular risk [5].

Tocilizumab (TCZ), a humanized monoclonal antibody blocking interleukin-6 (IL-6) 
signaling by binding both soluble and membrane bound IL-6 receptors (CD126), has 
been shown to effectively decrease RA disease activity [6,7]. Upon treatment, TCZ 
has however been reported to increase total cholesterol (TC), low-density lipoprotein 
cholesterol (LDLc), high-density cholesterol (HDLc) and triglycerides [8–15]. It has been 
put forward that these modifications largely reflect a physiological adaptation following 
reversal of the chronic inflammatory state, in spite of a lack of studies addressing the 
underlying mechanisms of the lipid changes following TCZ administration [16]. These 
changes in lipid profile occur within a week after treatment initiation, which coincides 
with inhibition of inflammation [17]. The magnitude of the lipid changes associated 
with TCZ however generally exceeds those following treatment with other potent anti-
inflammatory regimens such as tumor necrosis factor (TNF) inhibition [18]. 

Together with the observation that IL-6 may impact on LDL removal by the liver 
[19], we hypothesized that TCZ induced an adverse lipid profile by direct effects on 
hepatic clearance pathways. Therefore, we investigated the effect of 6 weeks TCZ 
treatment in RA patients on the fasting and non-fasting lipid profile. Changes in 
cholesterol synthesis, intestinal absorption, lipolysis and clearance were measured. 
To validate hepatic changes, the direct effect of TCZ on LDLr expression was tested 
in HepG2 cells.

METHoDs
Patient selection
Twenty-one patients with RA were recruited from the outpatient clinic of the Academic 
Medical Center/University of Amsterdam (AMC) and enrolled in the study. The study 
protocol was approved by the institutional review board at the AMC. Written informed 
consent was obtained from all participants.

The first four recruited patients received TCZ as part of the ACT-RAY study: a phase 
IIIb study, designed to evaluate the efficacy and safety of TCZ in patients with RA who do 
not respond to methotrexate (MTX) [20]. The current study comprises an investigator-
driven, open-label study. Patients who were assigned to TCZ treatment in combination 
with MTX (oral or parenteral; at least 10 mg/week) or another conventional disease 
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modifying anti-rheumatic drug (DMARD) (eg. leflunomide, hydroxychloroquine, or 
sulfasalazine) for at least twelve weeks and at a stable dose for at least six weeks 
prior to treatment were included. Patients were allowed to use oral corticosteroids at 
a dose of ≤ 10 mg/day prednisone (or equivalent) but only if a stable dose was used 
for at least 25 out of 28 days prior to treatment. The RA-patients had no history of 
overt cardiovascular disease. Amongst the major exclusion criteria were concomitant 
use of lipid lowering drugs including statins, fibrates, nicotinic acid, fish oils, and anti-
oxidants and a history of excessive alcohol consumption, type I/II diabetes, obstructive 
biliary disorders, and history of genetic hyperlipoproteinaemia. A control group of 38 
healthy subjects was recruited via advertisements and was used to compare mean 
baseline plasma levels. These healthy controls did not actively participate in the study 
protocol and were matched for sex, age and BMI.

Patient data and blood collection
Patients visited the research unit 1 day before start of TCZ, 1 week after start of TCZ, 
and 6 weeks after start of TCZ. Treatment with TCZ at a dose of 8mg/kg intravenously 
every 4 weeks was initiated after the first study visit. Before TCZ treatment and 3 
months after treatment initiation, disease activity score evaluated in 28 joints (DAS28) 
was assessed to monitor disease activity [21]. Use of concomitant medication was also 
registered at the first visit. At each visit, fasting blood was drawn, followed by an oral 
fat load test, as described previously [22]. Briefly, patients ingested cream (35 g fat per 
100 mL), at a dose of 30 g of fat per square meter of body surface area, after which 
blood samples were taken at time points 2, 3, 4, and 6 hours.

Biochemical analyses
Plasma was isolated by centrifugation at 2000 rpm for 15 minutes at 4ºC, within 30 
minutes after collection and stored at -80ºC. Plasma levels of TC, LDLc, HDLc, TG, 
apolipoprotein A1 (ApoA-I) and apolipoprotein B (ApoB) were determined using 
commercially available assays on a chemistry analyzer (Cobas Mira Plus, Roche 
Diagnostics, Basel, Switzerland) using commercialized kits from Rendox Laboratories-
US (Kearneysville, West Virginia) for TC, TG, ApoA-I, and ApoB and from Wako 
Chemicals (Neuss, Germany) for measurement of LDLc and HDLc. 

Additionally, individual patient samples were fractioned using fast performance 
liquid chromatography (FPLC) analysis to determine lipoprotein cholesterol and 
triglyceride content [23]. In brief, the system contained a PU-980 ternary pump with an 
LG-980-02 linear degasser, a FP-920 fluorescence and UV-975 UV/VIS detector (Jasco, 
Tokyo, Japan). An extra P-50 pump (Pharmacia Biotech, Uppsala, Sweden) was used 
for in-line cholesterol and TG (4-Amino-antiperine-peroxidase) PAP enzymatic reagent 
(Biomerieux, Marcy l’Etoile, France) addition at 0.1 mL/min. Ethylenediaminetetraacetic 
acid (EDTA) plasma was diluted 1:1 with Tris buffered saline and 60 μL sample/buffer 
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mixture was loaded on a Superose 6 HR 10/30 column (GE Health care, Life sciences 
division, Diegem, Belgium) for lipoprotein separation at a flow rate of 0.31 mL/min.

As reflection of the change in intestinal TG uptake and transport via chylomicrons, 
we measured post-prandial Apolipoprotein B 48 (ApoB48) in fasting blood samples and 
two and four hours after fatload using an ELISA kit (Shibayagi ltd, Shibukawa, Japan). 

Serum levels of campesterol, lathosterol, and sitosterol were measured using 
standard Gas Chromatography – Mass Spectrometry (GC-MS) analysis to determine 
changes in whole body cholesterol synthesis [24], and intestinal cholesterol absorption 
[25]. Campesterol, lathesterol and sitosterol levels were adjusted for simultaneously 
measured total cholesterol levels. Inflammatory activity, highly sensitive C-reactive 
protein (CRP), and serum amyloid A (SAA) were determined using immunoturbidimetric 
analysis, and Enzyme-linked immunosorbent assay (ELISA) (Anogen, Ontaria, Canada) 
respectively. Glucose levels were measured using a standard hexokinase/G6PDH 
biosensor (Roche Modular P800, Roche Diagnostics, Mannheim, Germany).

Calculation of atherogenic indexes
Atherogenic indexes were calculated using the fasting lipid levels from the visits before 
and six weeks after TCZ treatment, measured commercially available assays on a 
chemistry analyzer (Cobas Mira Plus, Roche Diagnostics, Basel, Switzerland). Non-HDL 
cholesterol was calculated by subtracting HDLc level from TC level. TC:HDLc ratio was 
calculated by dividing TC by HDLc. ApoB:ApoA-I ratio was calculated by dividing the 
ApoB level by the ApoA-I level.

LDL-receptor promoter expression using luciferase reporter
In vitro effects of TCZ on hepatic LDL receptor expression was performed using 
HepG2 cells. These cells were maintained in RPMI1640 medium supplemented with 
10% fetal calf serum (FCS), 2 mM L-glutamine, 100 units/ml penicillin, 0.1 mg/ml 
streptomycin at 5% CO2 and 37°C. For transient transfection using lipofection agent 
Roti®-Fect (Carl Roth GmbH), cells were grown in 24-well plates to 80% confluency. 
A promoter-reporter gene construct carrying the firefly luciferase under control of the 
human LDL receptor promoter (further on referred as pGL2-LDLR) was kindly provided 
by J. Kotzka (from German Diabetes-Center, Düsseldorf, Germany). 0.5 µg of plasmid 
DNA was applied per well. To correct for transfection efficiency, 12.5 ng/well phRL-TK 
(Promega) were co-transfected. Cells were subsequently incubated with transfection 
medium (Opti-MEM®, 10% FCS, Roti®-Fect) for 24h followed by a 12h-incubation 
in serum-reduced full medium (1% FCS). 24 h after stimulation with 10 ng/ml IL-6 as 
well as 100 µg/ml tocilizumab or 100 ng/ml adalimumab (both antibodies 1h prior 
to IL-6 stimulation), cells were lysed by applying Passive Lysis Buffer (Promega), and 
luciferase activity was detected in a luminometer (Berthold Mithras LB 940) using the 
dual luciferase reporter assay (Promega).
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Statistical analysis
A sample size of 17 patients was calculated based on the previously reported effect of 
TCZ on LDLc. Based on a difference of 20% and an assumed standard deviation (SD) 
of 20%, power of 0.8 and Type I error probability of 0.05, 20 patients were included. 

Differences in blood levels of lipoproteins, apolipoproteins, sterols, inflammatory 
markers, and atherogenic indexes were non-parametrically tested using Wilcoxon 
signed ranks test. 

Differences between patients and healthy control were statistically tested using 
Mann Whitney tests. Incremental area under curve (IAUC) of TG levels after fatload 
was calculated for each individual patient. Differences in IAUCs between visits 
were tested using Wilcoxon signed ranks test. Luciferase reported LDLr expression 
differences between groups were tested using a Student’s t-test and expressed as 
mean with SD.

To test if the change in mean plasma levels of markers of inflammation (ESR, CRP, 
SAA) and DAS28 after TCZ was related to the change in mean plasma lipid and sterol 
levels, a Spearman’s rho correlation analysis was used. All results are expressed as 
means with SD.

REsuLTs
Of the 21 patients included in the study, one patient dropped out due to abdominal 
discomfort following oral fat ingestion at the first visit. No serious adverse events were 
observed during follow-up. After six weeks, TCZ treatment resulted in a substantial 
decrease in mean CRP from 13.23 (20.66) to 0.17 (0.42) (P<0.010) (table 1). Mean 
DAS28 after 12 weeks decreased from 4.65 (0.73) to 2.83 (1.30) P<0.001).

Table 1. Baseline characteristics

Patient characteristics (mean) Patients (n=20) Controls (n= 38) P value

Sex (♀ in %) 75% 74% 0.923

Age (SD) (years) 53.4 (12) 53.2 (7) 0.413

BMI (SD) (kg/m2) 24.3 (4) 24.4 (5) 0.757

DAS28 (SD) (before treatment) 4.7 (0.7) -

Co-medication for RA

Methotrexate (10-25mg; n) 17 -

Prednisolone (5-10mg; n) 7 -

Non-steroid anti-inflammatory drugs (n) 8 -

Hydroxychloroquine (n) 1 -

Mean baseline characteristics of all patients with rheumatoid arthritis treated with tocilizumab 
compared to matched healthy controls. (BMI = body mass index; DAS28 = disease activity 
score evaluated in 28 joints; SD = standard deviation)
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Plasma lipid profiles are depicted in figure 1. Following TCZ, TC increased by 22% 
(4.8 (0.9) to 5.9 (1.3) mmol/L; P<0.001), LDLc by 22% (3.0 (0.6) to 3.6 (0.8) mmol/L; 
P<0.001) and TG by 48% (1.0 (0.4) to 1.4 (0.8) mmol/L; P=0.002). This increase in 
fasting TG largely represented VLDL particles, which displayed a 36% increase in TG-
Figure 1
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Mean TC, LDLc, TG, HDLc, ApoA-I and ApoB levels in 20 patients before, one week and

six weeks after start of TCZ treatment, compared to matched healthy controls. After TCZ,

TC increased by 22%, LDLc by 22%, TG by 48% and HDLc by 17%.  (n.s.=not significant;

Figure 1. Mean TC, LDLc, TG, HDLc, ApoA-I and ApoB levels in 20 patients before, one week 
and six weeks after start of TCZ treatment, compared to matched healthy controls. After TCZ, TC 
increased by 22%, LDLc by 22%, TG by 48% and HDLc by 17%. (n.s.=not significant; *= P < 0.05; 
**= P <0.01; ***= P <0.001 using Wilcoxon signed ranks test, bars indicate mean level, error bars 
indicate SD)
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content (P=0.027) with concomitantly larger diameter of the VLDL particles (VLDL TG 
peak shifted towards larger particles (P=0.008; figure 2)). HDLc also increased by 17% 
(1.4 (0.4) to 1.7 (0.7) mmol/L; P=0.004) after six weeks compared to baseline (figure 1). 
Following TCZ, TC and LDLc levels were higher than levels in matched controls 
(P<0.001 for both), whereas HDLc and TG were comparable between groups. In line, 
ApoB and ApoA-I increased by 13% (111 (23) to 125 (26) mg/dL) and 10% (157 (25) to 
172 (37) mg/dL) respectively (P=0.005 and P=0.002; figure 1). The atherogenic indices 
also increased after TCZ treatment. Non-HDL increased from 3.28 (0.77) to 4.19 (0.99) 
(P<0.001), the TC: HDL ratio increased from 3.49 (0.84) to 3.98 (1.49) (P=0.044), but 
the ApoA-I: ApoB ratio was unchanged (table 2). Markers for cholesterol synthesis 

Table 2.

week 0
Mean ± sD

week 6
Mean ± sD Change P-value

Data from FPLC analysis

Lipoprotein cholesterol peak 

VLDL (min) 26.38 ± 0.36 26.30 ± 0.42 -0.30% 0.008

LDL (min) 32.14 ± 0.93 32.12 ± 0.70 -0.06% 0.619

HDL (min) 48.02 ± 1.47 47.86 ± 0.94 -0.33% 0.711

Data from other analyses

Apolipoproteins

Apolipoprotein A-I (mg/dL) 157.0 ± 25.5 172.2 ± 38.1 +10% 0.003

Apolipoprotein B (mg/dL) 110.6 ± 23.4 124.6 ± 25.9 +13% 0.005

Fasting ApoB48 (µg/mL) 6.14 ± 5.21 10.82 ± 9.41 +76% 0.010

Post-prandial ApoB48 (µg/mL) 6.26 ± 5.21 13.68 ± 12.75 +119% 0.001

Atherogenic indices

Non-HDL cholesterol (mmol/L) 3.28 ± 0.77 4.19 ± 0.99 +28% <0.001

TC:HDL ratio 3.55 ±0.84 3.98 ± 1.49 +17% 0.044

ApoB:ApoA-I ratio 0.70 ± 0.15 0.74 ± 0.18 +6% 0.227

Inflammatory markers

CRP (mg/L) 13.23 ± 20.66 0.17 ± 0.42 -99% 0.010

SAA (ng/ml) 13.62 ± 10.56 2.78 ± 3.04 -80% <0.001

ESR (mm/h) 21.73 ± 15.52 4.37 ± 4.80 -80% <0.001

Other 

Glucose (mmol/L) 5.21 ± 0.49 5.05 ± 0.47 -3% 0.076

Mean levels of lipoprotein cholesterol content, triglyceride content and the mean cholesterol 
time-to-peak, inflammatory markers and apolipoprotein levels. 
SD = standard deviation; P values were calculated using Wilcoxon signed ranks test. All levels 
are measured at week 6, except from rheumatoid arthritis disease activity markers Disease 
Activity Score in 28 joints (DAS 28), tender joint count and swollen joint count.
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Figure 2

Fast Performance Liquid Chromatography (FPLC) curve of lipoproteins in 20 patients

before  and  6  weeks  after  TCZ.  Curves  represent  mean  lipoprotein  triglyceride  (TG)

content  (panel  A)  and  mean  cholesterol  content  (panel  B)  of  very  low-density

Figure 2. Fast Performance Liquid Chromatography (FPLC) curve of lipoproteins in 20 patients 
before and 6 weeks after TCZ. Curves represent mean lipoprotein triglyceride (TG) content (panel 
A) and mean cholesterol content (panel B) of very low-density lipoprotein (VLDL), low-density 
lipoprotein (LDL), high-density lipoprotein (HDL and free glycerol (in panel A only) divided based 
on retention times in minutes. Panel A contains a detail inlay of the TG content in VLDL, where 
a peak shift towards larger particles is demonstrated. Peak area represents measured content, 
derived from electrical current in microvolt (mV) x min. Black solid curve represents content 
at week 0, with black dashed line indicating standard deviation (SD); red solid line represents 
content at week 6, with red dashed line indicating SD.

(lathosterol/cholesterol ratio) and cholesterol absorption (campesterol/cholesterol 
and sitosterol/cholesterol ratio) remained unaltered (figure 3). 
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Figure 3
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Figure 4. Panel A: Mean plasma triglycerides (TG) after fatload at week 0, 1 and 6 after TCZ 
treatment. TG peak in the curves is postponed 6 weeks after TCZ from three hours after fatload 
to four hours. Panel B: Incremental area under the curve (IAUC) of mean plasma triglycerides (TG) 
after fatload at week 0, 1 and 6 after TCZ treatment. Six weeks after TCZ, postprandial TG IAUC 
was 62% higher than baseline (B). 
(**= P = 0.002 using Wilcoxon signed ranks test, bars indicate mean, error bars indicate SD)

Figure 3. Markers of cholesterol synthesis and absorption in 20 patients before and six weeks 
after TCZ. Lathosterol/cholesterol ratio, a marker of whole-body cholesterol synthesis, remained 
unchanged after TCZ. Campesterol/cholesterol as well as sitosterol/cholesterol ratio, both 
reflecting intestinal cholesterol absorption, also remained unchanged. (*= P <0.05; **= P <0.01; 
***= P <0.001 using Wilcoxon signed ranks test, bars indicate mean, error bars indicate SD)

bA
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Postprandial TG also increased markedly following TCZ, reflected by a 62% 
increase in the IAUC of TG after an oral fatload (P = 0.002; figure 4). The post-prandial 
TG-peak was postponed from three to four hours after oral fat ingestion, indicative 
of perturbed triglyceride clearance after TCZ. Whereas fasting ApoB48 level after 
TCZ increased by 76% compared to baseline (P=0.003), post-prandial ApoB48 levels 
displayed a marked further increase after TCZ treatment by 119% (P=<0.001; table 2). 
The increase in TC, LDLc, HDLc, TG, ApoA-I, ApoB, pre- and postprandial ApoB48 did 
not correlate to the decrease in CRP, ESR, SAA or DAS28 (data not shown). 

In the luciferase reported LDL receptor promoter essay, a significant increase of 
LDLr expression is observed in HepG2 cells incubated with IL-6 compared to the 
pGL2-LDLr controls (P<0.001; Figure 5). Incubation with IL-6 + TCZ significantly 
decreases LDLr expression (P<0.001), whereas IL-6 + Adalimumab does not decrease 
LDLr expression. 

DIsCussIon
TCZ administration in RA patients reduces disease activity as reflected by a reduction 
in DAS28 score and indices of systemic inflammation. Concomitantly, TCZ is associated 
with marked increases in LDLc, HDLc as well as in both fasting and postprandial TG 
levels. Since intestinal cholesterol absorption and whole-body cholesterol synthesis 

Figure 5. Luciferase reported LDL receptor expression 
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Figure 5. Luciferase reported LDL receptor expression. Luciferase reported LDL receptor 
expression in pGL2-LDLr transfected HepG2 cells, 24 hours after incubation with IL-6, IL-6 + TCZ 
and IL-6 + Adalimumab, a third generation TNF-inhibitor, compared with the controls (pGL2-LDLr 
transfected HepG2 cells in medium) *=P<0.05; ***=P<0.001.
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did not change, these changes are likely to reflect decreased clearance. In support, 
TCZ was found to reduce hepatic LDLr expression, which is expected to result in LDLc 
increase as well as an increase in TG- rich lipoproteins (TRL). In addition, the marked 
increase in (non-)fasting TG also points towards an impaired LPL mediated lipolysis 
following TCZ. The lipid changes did not correlate with changes in inflammatory activity. 

TCZ treatment and TG metabolism
The most prominent change in lipid metabolism following TCZ concerns an increase 
in triglyceride-rich lipoproteins (TRL). Based on the lipid analyses in the present study, 
this effect most likely involves a combination of attenuated lipolysis of TG in TRL’s and 
decreased hepatic removal of TRL. In support of attenuated lipolysis, we find higher 
fasting TG levels and a larger mean VLDL particle size with increased TG-content. 
Moreover, the marked increase in postprandial TG levels, in postprandial apoB48 
concentration as well as a delayed TG-peak from 3 to 4 hours after the oral fat load 
lend further support to an attenuated lipolysis following TCZ. Although TCZ treatment 
has previously not been associated with changes in lipolysis, increased IL-6 activity has 
been shown to stimulate LPL-mediated lipolysis of TG [26]. 

Besides lipolysis, plasma TG levels are also determined by TG and TRL-remnant 
removal by the liver [27,28]. Following lipolysis of TG by LPL, the ensuing TRL-
remnants are taken up by the liver via the LDL receptor, LDL-related protein and 
HSPG-dependent clearance path [28]. The observed increase in fasting apoB48 levels, 
indicative of prolonged presence of chylomicron (remnants) points towards decreased 
hepatic removal of chylomicrons rather than attenuated lipolysis of TG.[27] The latter 
may also contribute to the marked increase in TG following an oral fat load [29,30]. 
Our in vitro analyses support the involvement of the LDLr, which also contributes 
to the clearance of TRL’s. TCZ decreases the partly IL-6 dependent expression of 
the LDLr. In line, Gierens et al also reported a dose-dependent relation between 
increasing IL-6 concentrations and increased LDLr promoter expression [19]. We 
corroborate the relation between IL-6 and LDLr promoter expression, while providing 
additional evidence showing that TCZ, in contrast to TNF inhibition with adalimumab, 
markedly decreases LDLr expression. In RA patients, a TCZ mediated decrease in LDLr 
expression can be expected to contribute to increased TRL levels by reduced hepatic 
TRL removal [28]. 

Whereas we and other groups report a marked increase in TG levels following 
IL-6 receptor blockade [8,10–13,17], no correlation was observed between the IL-6 
SNP (rs7529229), associated with impaired IL-6 signaling, and TG levels in a study 
comprising more than 100.000 individuals [31]. Similarly, TNF inhibition in RA also leads 
to only modest changes in lipid profiles, comprising an increase in total cholesterol by 
2-7% with even lower changes in TG levels [32,33]. Collectively, these findings imply 
that the increase in TG is a TCZ- specific effect, of which the exact pathophysiology 
remains to be established. 
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TCZ treatment and LDL metabolism
The increase in mean LDLc without a significant increase in LDL TG content most likely 
reflects increased formation of LDLc particles from VLDLc particles [34]. An increase 
in VLDLc, the predecessor of LDLc, leads to increased LDLc via metabolism through 
IDL [35]. As previously discussed, the direct inhibition of LDLr expression by TCZ may 
have contributed to increased levels of LDLc after TCZ treatment. As indicated by the 
unaffected lathosterol/TC and sitosterol/TC ratios, whole-body cholesterol synthesis 
and intestinal cholesterol absorption, respectively, are unlikely to have contributed to 
the LDLc increase. 

TCZ treatment and HDL metabolism
Before TCZ treatment, HDLc was significantly lower in patients with RA compared to 
healthy controls, which is compatible with HDL as an inverse acute-phase reactant in RA 
[36]. The return-to-normal of HDLc following potent anti-inflammatory interventions, 
such as TCZ, has been reported in other infectious diseases as well [37]. Indeed, 
comparable increases in HDLc have been reported following TNF inhibition in RA [38].

The effect of TCZ on cardiovascular risk
The increase in TC and LDLc exceed the mean levels in matched controls. Since TC 
and LDLc are independent risk factors for cardiovascular morbidity and mortality, the 
effect of TCZ on the lipid profile may bear direct relevance to the CV-risk of patients 
receiving TCZ [39]. In line, two out of three cardiovascular risk indices point towards an 
increased CV risk [40]. In contrast, TCZ treatment also results in a profound reduction 
of the inflammatory activity. A pro-inflammatory state has been associated with 
increased CV event rates. In fact, two recent genetic association studies provided 
compelling evidence for a causal role of inflammatory activation in CV-risk, showing 
that decreased IL-6 signaling due to genetic causes were significantly associated with 
lower concentrations of inflammatory disease markers as well a marked reduction in 
CV-event rates [31,41]. In line, removal of the pro-inflammatory state has been shown 
to resolve inflammation-associated CV-risk [42,43]. 

Collectively, these counterbalancing effects of increased atherogenic indices with 
lowered inflammatory burden underline the need for prospective, randomized clinical 
trial data to identify the net effect of TCZ on CV-morbidity in patients with chronic 
inflammatory diseases.

Study limitations
Each of the 20 RA patients in our study served as its own control to optimally identify 
the individual changes in lipid profiles. Since our data suggest that changes in 
lipoproteins are not related to changes in inflammatory activity, the impact of TCZ in 
healthy volunteers would have added to this concept. Unfortunately, ethical approval 
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was not obtained for healthy volunteers. Second, we only followed patients for 6 weeks 
of TCZ treatment. Other studies reported normalization of lipid profiles in RA patients 
after 24 months of treatment [32,44]. In line, in patients with RA treated with TCZ at 
a lower dose of 4mg/kg, recovery of TC and LDLc towards initial levels was observed 
between the 14th and the 24th week after treatment initiation, without RA disease 
deterioration [17]. Third, we evaluated LDLr expression using in vitro assays on hepG2 
cells, rather than in liver biopsies from patients receiving TCZ. The latter is, however, 
not compatible with institutional review board regulations for human research within 
our institute.
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