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Abstract
Introduction: Tocilizumab (TCZ) treatment is associated with dyslipidaemia, 
including a rise in triglycerides through a mechanism poorly understood. Three 
molecules play key roles in the regulation of triglyceride metabolism: apolipo-
protein C-III (ApoC-III), angiopoietin-like protein 4(ANGPLT4) and lipoprotein 
lipase (LPL). The aim of this work was to analyse whether the changes in triglyc-
erides shown by TCZ-treated RA patients could stem from the dysregulation that 
can occur in these regulatory molecules.
Methods: Twenty-seven RA patients included in the TOCRIVAR study who re-
ceived TCZ (8 mg/kg IV/q4w) were evaluated at baseline and at Weeks 12, 24 and 
52 of treatment. ANGPTL4, ApoC-III and LPL, a complete lipid profile and RA 
disease activity, were analysed at baseline and at each visit. Multivariable linear 
mixed models were performed to study changes over time in lipids and regulatory 
molecules.
Results: After 24 weeks of TCZ treatment, HDL cholesterol, apolipoprotein A1 
and triglycerides increased, whereas lipoprotein (a) decreased significantly from 
baseline values. However, 1 year after TCZ, no significant differences in lipid pat-
tern were observed with respect to baseline. Serum ANGPTL4 and Apo-CIII lev-
els decreased gradually over time, both being significantly lower than baseline 
values at Week 52. LPL concentration did not change significantly during TCZ 
treatment. Remarkably, the elevation of triglycerides at Week 24 maintained its 
statistical significance after adjusting for the changes in ApoC-III, ANGPTL4 and 
LPL.
Conclusion: In TCZ-treated RA patients basal serum levels of ANGPLT4 and 
ApoC-III, but not LPL, decreased significantly. However, the elevation of triglyc-
erides after TCZ was not related to changes in these regulatory molecules.
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1   |   INTRODUCTION

Tocilizumab (TCZ), a monoclonal antibody that neutralizes 
interleukin (IL)-6 used to treat rheumatoid arthritis (RA)1 
and other inflammatory diseases,2 has been associated with 
changes in lipid profiles.3 TCZ increases the levels of sev-
eral lipid molecules, which appears to be mainly secondary 
to the inhibition of inflammation. This is believed to stem 
from the fact that RA activity and inflammation are associ-
ated with decreased lipid levels, while decreases in inflam-
mation may coincide with increases in serum lipid values.4 
Accordingly, a systematic review reported that patients 
receiving TCZ were more likely to experience elevated tri-
glyceride levels, and in the ratios of low-density lipopro-
tein (LDL) to high-density lipoprotein (HDL) cholesterol, 
as well as of total to HDL cholesterol levels.5 Moreover, 
although compared with controls RA is associated with a 
greater burden of atherosclerosis and deaths from cardio-
vascular events6 evidence has ruled out an increased risk 
of cardiovascular events associated with this altered lipid 
profiles following TCZ treatment in RA patients.7

The key molecules involved in triglyceride metabolism 
include lipoprotein lipase (LPL), angiopoietin-like protein 
4 (ANGPTL4) and apolipoprotein C-3 (ApoC-III). LPL is 
the primary enzyme that hydrolyses triglycerides, thereby 
releasing free fatty acids for utilization by and clearance 
from tissues.7 In addition, ANGPTL4 and ApoC-III are en-
dogenous modulators that inhibit LPL and, respectively, 
modulate the uptake of free fatty acids in fasting and fed 
states,8 and inhibit the lipolysis of triglyceride-rich lipo-
proteins by LPL.9

Hypertriglyceridemia is a significant independent car-
diovascular risk factor in the general population.10 In RA 
patients, increased triglyceride levels, as well as their rela-
tionships to atherosclerosis and cardiovascular events, have 
been reported.11 Moreover, the axis consisting of ANGPTL4, 
ApoC-III and LPL has been found to be disrupted in patients 
with RA.12 In this report, patients with RA showed higher 
serum levels of ANGPTL4 and ApoC-III, but lower circulat-
ing LPL, compared with controls. Similar results have been 
described in systemic lupus erythematosus patients.13,14

Since TCZ causes changes in serum triglycerides over 
time, the aim of this study was to analyse whether this 
effect is associated with modifications to the triglyceride 
metabolism pathway constituted by ANGPTL4, ApoC-III 
and LPL in RA patients treated with this IL-6 inhibitor.

2   |   MATERIALS AND METHODS

2.1  |  Study participants

TOCRIVAR (Effect of the Monoclonal Anti-IL6 
Antibody—Tocilizumab—on Cardiovascular Risk in 

Patients with Rheumatoid Arthritis) is a 1-year prospec-
tive study that analysed the influence of TCZ on differ-
ent cardiovascular risk factors in RA patients (Clini​calTr​
ials.gov NCT017523359). Twenty-seven adult RA patients 
diagnosed according to the 2010 ACR/EULAR classifica-
tion criteria15 and whose disease duration was ≥6 months 
were recruited. Enrolment criteria included diagnosis of 
active moderate-to-severe RA (≥3.2 DAS28-ESR); patients 
with an inadequate clinical response to a stable dose of 
nonbiological DMARDs or failure to respond to one anti-
TNF-α treatment for a period ≥8 weeks before treatment; 
and those patients who were receiving oral corticoster-
oids, whose dose should have been ≤10 mg prednisone 
or equivalents and remained with a stable dose for at 
least 1 month prior to the start of TCZ. All patients were 
offered open-label treatment with TCZ 8 mg/kg every 
4 weeks for 12 months between January 2012 and July 
2015. Open-label assessments were performed at baseline 
and at Weeks 12, 24 and 52. None of the patients were 
taking statins. Patients diagnosed with any other rheu-
matic disease, hepatitis C infection, active diverticulitis, 
latent tuberculosis (based on positive PPD or interferon-
gamma release assay or suspicious chest X-ray), or who 
were pregnant, or lactating were excluded. For patients 
who stopped treatment or who had missing data at 24 or 
54 weeks, analyses were performed on the intent-to-treat 
population using last-observation-carried-forward to im-
pute missing data at the relevant time point. This trial was 
approved by an independent ethics committee and an in-
stitutional review committee of the Hospital Universitario 
de Canarias (Spain) and assigned the reference number 
FRC-TOC-2009-01 (TOCRIVAR). All participating pa-
tients signed a written informed consent.

2.2  |  Data collection

The subjects completed a cardiovascular risk factor and 
medication use questionnaire and underwent a physi-
cal examination at every visit. Weight, height, body mass 
index, waist-to-hip ratio and systolic and diastolic blood 
pressure (measured with the participant in a supine po-
sition) were assessed under standardized conditions. 
Information regarding smoking status (current smoker 
versus nonsmoker), diabetes and hypertension was ob-
tained from the questionnaire. At every visit, disease activ-
ity, disability and physical activity were assessed. Disease 
activity was measured using the Disease Activity Score 
in 28 joints (DAS28), with the form that addresses both 
erythrocyte sedimentation rate (-ESR) and C-reactive pro-
tein (-CRP),16 the Clinical Disease Activity Index (CDAI)17 
and the Simple Disease Activity Index (SDAI).18 Disease 
disability was determined using the Health Assessment 
Questionnaire (HAQ).19
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Serum LPL mass was measured using a sensitive 
sandwich enzyme-linked immunosorbent assay (ELISA) 
(Biomatik). The assay sensitivity (minimum detectable 
concentration) for LPL was 0.58 ng/mL. Precision was 
estimated as an inter-assay <15%, and an intra-assay 
with <10% coefficients of variability. ANGPTL4 was as-
sessed through an R&D Duoset ELISA. ANGPTL4 min-
imum detectable values were 1.3 ng/mL, and both inter 
and inter-assay coefficients of variability were <10%. 
For the detection of ApoC-III, an ELISA kit was used 
(Elabscience). No significant cross-reactivity or inter-
ference between human ApoC-III and analogues was 
observed with this kit. Both intra- and inter-coefficients 
of variability were <10% for this assay. Cholesterol, tri-
glycerides and HDL cholesterol were measured using 
the enzymatic colorimetric assay. LDL cholesterol was 
calculated using the Friedewald formula. Apo-B is a pro-
tein involved in lipid metabolism, being the main pro-
tein constituent of very low-density lipoproteins (VLDL) 
and LDL, and ApoA-1 is the major protein component 
of HDL. For this reason, both apolipoproteins B and 
A1 were included in the lipid pattern molecules to be 
analysed.

2.3  |  Statistical analysis

In a previous work of our group, patients with RA showed 
higher serum levels of ANGPTL4 and ApoC3, but lower 
circulating LPL, compared with controls.12 These dif-
ferences in serum levels were of at least a 20% between 
populations. Based on this, we expected to find a similarly 
proportional effect of TCZ over the ANGPTL4, ApoC3 and 
LPL axis. Accordingly, assuming an alpha level of 0.05 
and a beta level of 0.20, we estimated that we would need 
to enrol 24 patients. Demographic and clinical character-
istics in patients with RA are described as mean (standard 
deviation [SD]) or percentages for categorical variables. 
For nonnormally distributed continuous variables, data 
are expressed as median and interquartile ranges (IQR). 
To avoid any impact on the statistical analyses of data lost 
during the follow-up period, variations in clinical char-
acteristics, disease activity scores, acute-phase reactants, 
lipid-related molecules and ANGPTL4, ApoC-III and LPL 
overtime were analysed using linear regression mixed 
models for repeated measures. Collinearity between con-
founders included in the multivariate models was ruled 
out by the calculation of variance inflation factor. None 
of the cofactors analysed in this study showed a signifi-
cant collinearity. Correlations between changes in lipid 
patterns during follow-up were assessed by Spearman's 
Rho correlations. All the analyses used a 5% two-sided sig-
nificance level and were performed using SPSS, version 

25, IBM SPSS, Armonk, NY. p-values <.05 were consid-
ered statistically significant. Graphs were generated using 
GraphPad Prism version 9.3.1 for Windows, GraphPad 
Software, www.graph​pad.com.

3   |   RESULTS

3.1  |  Characteristics of the participants

A total of 27 RA patients, 24 females and three males, 
with a mean ± SD age of 52 ± 11 years were included in 
this study. The demographic, disease-related character-
istics and comorbidities of the participants are shown in 
Table  1. Regarding cardiovascular risk factors, 35% per 
cent of the patients had been diagnosed with hyperten-
sion, 46% were considered to have dyslipidaemia and 15% 
diabetes. Disease duration was 8 years (IQR 2–12); 69% 
were positive both for ACPA anti-citrullinated protein an-
tibodies (ACPA) and rheumatoid factor. Patients had ac-
tive disease as shown by DAS28-ESR (5.77 ± 0.88), SDAI 
(29 ± 10) and CDAI (27 ± 10). Twenty (77%) were taking 
prednisone, and 19 (70%) were taking TCZ in addition 
to either methotrexate or leflunomide. Only eight (30%) 
patients were undergoing TCZ in monotherapy. Those 
patients included in the trial taking prednisone, metho-
trexate or leflunomide maintained these medications at 
stable doses during the follow-up year.

3.2  |  Changes in anthropometric 
characteristics, RA disease activity, 
triglycerides, lipid pattern and ANGPTL4, 
ApoC-III and LPL during 1 year of follow-
up

BMI and waist circumference remained stable and did not 
reveal any differences after 1 year of treatment compared 
with baseline values. As expected, during follow-up acute-
phase reactants and disease activity scores improved over 
time (Table S1).

After 12 weeks of TCZ treatment, total- and HDL cho-
lesterols, and apolipoprotein A1 significantly increased. 
This was not the case with other lipid-related molecules. 
HDL-cholesterol elevation maintained its significance 
at Week 24, and the decrement in lipoprotein A became 
significant at this 24-week visit. Remarkably, at the end 
of the study (1 year after TCZ start), no significant dif-
ferences were found in the entire lipid pattern including 
triglycerides. Triglyceride serum levels were significantly 
higher at Week 24 compared with baseline, but after 
1 year they fell again to values similar to those at baseline 
(Table 2).
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Concerning the ANGPTL4, ApoC-III and LPL axis, 
ANGPTL4 serum levels were significantly lower com-
pared with the baseline values at Weeks 12 and 52. 

Similarly, ApoC-III gradually decreased at every visit, and 
at Week 52 was significantly lower than the baseline level. 
In contrast, circulating LPL did not show any differences 
across visits during the 1-year follow-up, although a trend 
to decrease over time was observed (Table 2). Variations 
in these three triglycerides' regulatory molecules did not 
correlate with changes in RA disease activity over 1 year 
of TCZ treatment (Figure 1).

3.3  |  Multivariable linear mixed model 
analysis examining the differences 
between visits in triglyceride serum levels

After 24 weeks of TCZ treatment, triglyceride levels sig-
nificantly increased (mean difference 32 [95% confidence 
interval CI −2–65], mg/dL, p = .040) in the univariable 
linear mixed analysis. At Week 52, however, circulating 
triglycerides did not differ compared with baseline lev-
els (Table  3). When this analysis was adjusted for those 
lipid-related molecules that showed significant univari-
able differences between visits (see Table 2: total choles-
terol, HDL cholesterol, apolipoprotein A1 and lipoprotein 
(a)), this elevation in triglyceride levels retained its sig-
nificance (Model #1 as shown in Table 3: mean difference 
was 44 [95% CI 17–71], mg/dL, p = .002). Similarly, the 
increase in triglycerides at Week 24 was significant after 
adjusting for ANGPTL4, APO-CIII and LPL (as shown 
in Model #2 in Table  3: mean difference 37 [95% CI 3–
72], mg/dL, p = .036). Furthermore, when the adjustment 
was performed by both lipid-related molecules and the 
ANGPTL4, APO-CIII and LPL serum levels, circulating 
triglyceride levels still were greater at Week 24 compared 
with those at baseline (Model #3 in Table 3, mean differ-
ence 50 [95% CI 17–83], mg/dL, p = .004).

4   |   DISCUSSION

Our study is the first in the literature to evaluate the in-
fluence of systemic inhibition of IL-6 on several key 
regulatory molecules regulating triglyceride metabolism. 
According to our results, ANGPTL4 and ApoC-III, but not 
LPL, were downregulated after the initiation of TCZ treat-
ment. However, the variation in triglyceride levels caused 
by TCZ treatment over time in RA patients was not associ-
ated with changes in any of these three molecules.

The influence of TCZ on lipids has been extensively 
studied, with the pattern of change in the lipid profile 
found in our study proving consistent with prior find-
ings. In a previous report involving 40 patients with RA, 
following TCZ treatment, total- and HDL cholesterols 
and triglycerides were significantly elevated, although 

T A B L E  1   Baseline demographic, comorbidities and disease-
related characteristics of RA patients

Patients (n = 27)

Female, n (%) 24 (92)

Age, years 52 ± 11

Weight, kg 71 ± 14

Height, cm 160 ± 7

BMI, mg/cm2 28 ± 5

Waist circumference, cm 95 ± 14

Hip circumference, cm 102 ± 14

Waist/hip ratio 0.93 ± 0.05

Systolic pressure, mmHg 133 ± 23

Diastolic pressure, mmHg 84 ± 9

Comorbidities

Hypertension, n (%) 9 (35)

Diabetes, n (%) 4 (15)

Dyslipidaemia, n (%) 12 (46)

Current smoker, n (%) 5 (19)

Antihypertension treatment, n (%) 9 (35)

AR-related data

ESR, mm/h 40 (22–56)

CRP, mg/dL 8.8 (2.9–16.2)

Disease duration, years 8 (2–12)

Number of tender joints 10 (6–15)

Number of swollen joints 4 (2–7)

DAS28-ESR 5.77 ± 0.88

DAS28-CRP 5.16 ± 1.04

HAQ 1.250 
(1.000–2.125)

SDAI 27 ± 10

CDAI 29 ± 10

Rheumatoid factor +, n (%) 18 (69)

ACPA +, n (%) 18 (69)

Current prednisone, n (%) 20 (77)

Prednisone, mg/day 6 (2–8)

Current csDMARD 18 (69)

Methotrexate, n (%) 14 (54)

Leflunomide, n (%) 5 (19)

Abbreviations: ACPA, anti-cyclic citrullinated peptide antibody; BMI, 
body mass index; CDAI, Clinical Disease Activity Index; CRP, C-reactive 
protein; csDMARD, classic synthetic DMARD; DAS28, Disease Activation 
Score using 28 joints; DMARD, disease-modifying antirheumatic drug; ESR, 
erythrocyte sedimentation rate; HAQ, Health Assessment Questionnaire; 
HDL, high-density lipoprotein; SDAI, Simple Disease Activity Index; TNF, 
tumour necrosis factor.Data represent mean ± SD or median (interquartile 
rate).
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no significant changes in weight, body mass index, 
low-density lipoprotein and atherogenic index were ob-
served.16 In another report involving 40 naïve-biologic 
RA patients treated with intravenous TCZ, a statistically 
significant increase in total cholesterol, LDL, HDL and tri-
glycerides was observed during the first 24 weeks, which 
returned close to baseline levels at 52 weeks.17 Notably, in 
that report a statistically significant negative correlation 
between changes in lipid fractions and DAS28 or CDAI 
was detected. In addition, the effects of TCZ on lipids have 
been reported to be superior to those of tumour necrosis 
factor inhibitors.18 In a previous report that examined 
the TOCRIVAR database, the effect of TCZ on proprotein 
convertase subtilisin/kexin−9 serum concentrations and 
cholesterol efflux capacity were studied. Long-term TCZ-
treated RA patients showed an increase in cholesterol 
efflux capacity inversely proportional to CRP reduction, 
and changes in LDL cholesterol were partially explained 
by variations in circulating proprotein convertase sub-
tilisin/kexin-9.19 Overall, in that report, TCZ treatment 
showed a qualitatively favourable net effect in terms of 
the atherogenic role it plays in RA patients. In this previ-
ous TOCRIVAR work,19 changes over time in BMI, waist 
circumference, trunk fat mass (assessed by dual-energy 
X-ray absorptiometry) and physical activity (assessed by 
the IPAQ questionnaire) were analysed. None of these pa-
rameters changed significantly after 1 year of TCZ treat-
ment, so it is unlikely that the observed changes in lipid 
profile described in the present work can be influenced by 
changes in fitness or physical activity.

Lipoprotein lipase (LPL), angiopoietin-like protein 4 
(ANGPTL4) and apolipoprotein C-3 (ApoC-III) play es-
sential roles in the regulation of triglyceride levels. LPL 
hydrolyses triglycerides, thereby releasing free fatty acids 
for utilization and removal from tissues.4 Both ANGPTL4 
and ApoC-III are endogenous modulators that inhibit 
LPL by modulating free fatty acid uptake in both fasting 
and fed states,5 thereby interfering with the lipolysis of 
triglyceride-rich lipoproteins.6 In two previous studies 
by our group, the ANGPTL4, ApoC-III, LPL and axis has 
been studied in RA and systemic lupus erythematosus pa-
tients.12,13 In 323 patients with RA and 246 age-matched 
controls, after multivariable analysis including cardio-
vascular risk factors, statin use and lipid profile changes 
caused by the disease itself, RA patients showed higher 
serum levels of ANGPTL4 and ApoC-III, but lower cir-
culating LPL.12 In addition, ANGPTL4 serum levels were 
positively and independently associated with higher ca-
rotid intima-media thickness in patients with RA after 
multivariable adjustment. In another study of 185 sub-
jects diagnosed with SLE and 162 age-matched controls, 

F I G U R E  1   Correlation of variations of baseline values with 
respect to those at 12, 24 and 54 weeks of TCZ treatment. Each 
dots represent the difference between basal and each of those time 
points of disease activity (ΔDAS28-ESR), and the concentration of 
angiopoietin-like protein 4 (ΔANGPTL4), lipoprotein lipase (ΔLPL) 
and apolipoprotein C-III (ΔApo-CIII). The x-axis represents 
variations in DAS28-ESR, and the y-axis represents variations in 
each of the regulatory molecules. Correlation values and statistical 
significance are shown in each figure.
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ApoC-III levels were found to be significantly lower, while 
ANGPTL4 and LPL were significantly higher in patients 
with SLE compared with controls.13 Moreover, the disease 
damage score in SLE was significantly and independently 
associated with higher LPL serum levels. These two re-
ports support the fact that the axis formed by ANGPTL4, 
ApoC-III and LPL may be disrupted in inflammatory 
diseases.

The effects of TCZ on ANGPTL4 and LPL had not 
been previously studied in the context of an IL-6 sys-
temic inhibition until the present study13 The modifica-
tions observed over time during our work on ANGPTL4, 
ApoC-III and LPL did not show any association with 
the decrease that occurred in disease activity scores in 
response to TCZ. To our knowledge, the influence of 
TCZ on ApoC-III has been studied once previously, a 
study that revealed Apo-CIII to have a nonsignificant 
tendency to increase its serum level by 11% at 12 weeks 
after TCZ treatment.20 Interestingly, ApoC-III-related 
pathways have been associated with proteins and path-
way networks involved in inflammation21 and calcifica-
tion.22 These findings, in association with the fact that 
elevated ApoC-III levels, are associated with increased 
triglyceride levels, link this regulatory molecule to an 
increased risk of atherosclerotic cardiovascular dis-
ease.23 With respect to ANGPTL4, its plasma levels are 
thought capable of predicting cardiovascular events, in-
dicating the potential use of ANGPTL4 as a biomarker 
for coronary artery disease.24 Conversely, higher LPL 
levels are linked with a beneficial lipid profile.25 In the 
present work, both ApoC-III and ANGPTL4 decreased, 
while LPL showed no relevant changes with respect to 
basal levels during treatment with TZC. These finding 
are in line with the atherogenic effects of this anti-IL-6 
compound and should be regarded as beneficial. Our 
findings would therefore support the previously defined 
concept that while TCZ increases the amounts of cer-
tain molecules in the lipid profile, this does not lead to 

a net increase in cardiovascular risk, at least not in RA 
patients.26

The main strength of our study is that it includes the 
systematic clinical and biochemical evaluation of 27 RA 
patients undergoing systemic IL-6 inhibition over 1 year 
of follow-up, using multivariable linear mixed models 
for analysis. However, our work has several limitations. 
The use of prednisone in some patients may have influ-
enced the lipid profile. However, it should also be con-
sidered that the glucocorticoid dose was low and stable 
during follow-up. Therefore, we believe that its influence 
on our results is very little or none. We acknowledge the 
fact that we measured LPL serum mass and not its activ-
ity. However, while serum LPL is catalytically inactive, its 
mass reflects the level of systemic LPL biosynthesis and 
there is an excellent correlation between mass and LPL 
activity, as reported previously.27 We also recognize that 
there are other molecules and metabolic pathways related 
to triglycerides that were not examined in our study. We 
have focused on these three molecules because of their 
known relationships with cardiovascular disease in the 
general population. We believe that our findings warrant 
the further study of other physiological pathways related 
to triglyceride metabolism in patients being treated with 
TCZ.

In conclusion, TCZ treatment significantly decreases 
ApoC-III and ANGPTL4 serum levels in patients with RA. 
However, the upregulation of triglycerides following TCZ 
treatment seems does not appear to be related to disrup-
tions in these regulatory molecules. The exact physiolog-
ical mechanism underlying this phenomenon, and the 
implications it may have for cardiovascular disease in RA 
patients deserves further study.
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T A B L E  3   Multivariable linear mixed analysis differences in triglycerides serum levels between visits

Mean difference (95% CI), p

Univariable Model #1 Model #2 Model #3

Triglycerides, mg/dL

Week 12 4 (−27–35) .80 6 (−20–32) .64 −3 (−37–31) .87 3 (−29–34) .87

Week 24 32 (0.02–65) .040 44 (17–71) .002 37 (3–72) .036 50 (17–83) .004

Week 52 6 (−30–41) .74 26 (−2–54) .065 −9 (−47–29) .63 14 (−22–50) .44

Abbreviations: ANGPTL4, angiopoietin-like protein 4; Apo-CIII, apolipoprotein C-III; HDL, high-density lipoprotein; LPL, lipoprotein lipase.Model #1: 
Adjusted for total cholesterol, HDL cholesterol, apolipoprotein A1 and lipoprotein (a).
Model #2: Adjusted for ANGPTL4, APO-CIII and LPL.
Model #3: Adjusted for Model 1 plus Model 2.
Numbers highlighted in bold show associations with statistical significance.
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