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ABSTRACT

Background: In patients with rheumatoid
arthritis (RA), qualitative alterations of low and
high-density lipoproteins (LDL and HDL,
respectively) might partially explain their
increased cardiovascular risk. Tocilizumab has
been associated with an increase in lipids,
including triglyceride (TG) and cholesterol
levels. The aim of this study is to evaluate the
effect of tocilizumab on certain LDL and HDL
characteristics (oxidized LDL levels, HDL-

associated enzymes, chemical composition of
both total HDL and HDL3c subpopulation, and
their capacity to promote cellular cholesterol
efflux) at baseline and 3 months after the start
of treatment in patients with RA.
Methods: Twenty-eight RA patients (ACR/
EULAR 2010 criteria) with indication of treat-
ment with tocilizumab were included in the
present study. Clinical assessment [Health
assessment questionnaire (HAQ)], disease
activity score 28 (DAS28), high-sensitivity C
reactive protein (hsCRP) concentration, lipid
profile, and lipoprotein (a) [Lp(a)] levels were
evaluated in all patients at baseline and after 3
months of treatment with tocilizumab.
Lipoprotein characteristics were evaluated
through the levels of oxidized LDL (OxLDL), the
activity of paraoxonase (PON) 1, the composi-
tion of total HDL and small, dense HDL3c sub-
population, and their ability to promote cellular
cholesterol efflux.
Results: After 3 months of treatment with
tocilizumab, HAQ (- 23%, p\0.05), DAS28
(- 49%, p\0.001), and hsCRP (- 94%,
p\0.01) levels decreased significantly. Total
cholesterol (TC), LDL-C, non-HDL-C, and apo B
levels showed a significant increase after treat-
ment (TC: ? 7.0%, p\0.01; LDL-C: ? 10%,
p\0.01; non-HDL-C: ? 9.9%, p\0.01; and
apo B: ? 9.6%, p\0.05). Decreases in Lp(a) and
OxLDL levels were also observed after treatment
[Lp(a): - 50%, p\0.01; and oxLDL: - 5.4%,
p\0.05]. The latter was in accordance with the
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increment detected in PON activity. No changes
were observed in HDL capacity to promote
cholesterol efflux (p[0.05) in the whole group.
Conclusions: Treatment with tocilizumab
reduced hsCRP levels and displayed positive
effects on certain lipoprotein-related parame-
ters, such as a potent decrease inLp(a) and a
reduction in OxLDL levels. Moreover, HDL
capacity to promote cellular cholesterol efflux
was maintained after 3 months of treatment.

Keywords: Tocilizumab; Rheumatoid arthritis;
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Key Summary Points

Patients with rheumatoid arthritis (RA)
presented an increase cardiovascular risk
and, although alterations of LDL and HDL
lipoproteins only partially explain it.
Tocilizumab has been associated with
increase in lipids, including triglyceride
and cholesterol levels.

The objective of this study was to evaluate
the effect of tocilizumab on HDL and LDL
characteristics at baseline and 3 months
after the start of treatment in patients
with RA.

Tocilizumab reduced inflammatory state
and displayed positive effects on certain
lipoprotein-related parameters, such as a
potent decrease in Lp(a) and a reduction
in OxLDL levels and maintained the
capacity of total HDL and HDL3c to
promote cellular cholesterol efflux.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14236802.

INTRODUCTION

Rheumatoid arthritis (RA) is associated with
increased mortality and reduced life expec-
tancy, as a result of accelerated cardiovascular
(CV) disease [1, 2]. Strikingly, CV events occur
approximately a decade earlier in RA patients,
who are in turn twice more likely to present a
myocardial infarction than healthy subjects
[3–5]. Traditional CV risk factors, such as dys-
lipidemia, hypertension, and obesity, do not
account for the elevated CV risk in RA [6].
Indeed, classic dyslipidemia, consisting of
increased triglyceride and/or low-density
lipoprotein (LDL) levels, and/or subnormal
concentrations of antiatherogenic high-density
lipoproteins (HDL), is scarcely observed in RA
patients [7, 8]. As a corollary, qualitative and
functional, rather than quantitative, lipopro-
tein alterations were proposed to contribute to
the increased CV risk in RA [9–11]. The
antiatherogenic functions of HDL primarily
involve its capacity to promote cellular choles-
terol efflux from peripheral tissues, protection
of LDL against oxidative modifications, anti-
apoptotic effects on endothelial cells, and anti-
inflammatory actions on the arterial wall [12].

Enhanced cardioprotective effects of HDL are
associated with reduced risk of CV disease,
independently of HDL-cholesterol (HDL-C)
levels [13]. Small, dense HDL particles possess
potent biological activities [40]. We previously
evaluated chemical composition and anti-
atherogenic activity of small, dense HDL3c in
active normolipemic RA patients and found
that this HDL subpopulation displayed altered
lipidome and that its antioxidative activity was
reduced according to the degree of inflamma-
tion [14]. Chronic inflammation may therefore
contribute to increased CV risk in RA via alter-
ations of biological properties of HDL [15].

Tocilizumab is a humanized monoclonal
antibody against the interleukin (IL)-6 recep-
tor(IL-6R), which has shown therapeutic effi-
cacy in RA both as monotherapy and in
combination with conventional disease-modi-
fying anti-rheumatic drugs (DMARDs) [16, 17].
A recent literature search identified eight clini-
cal trials of tocilizumab that reported changes
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in circulating lipids; elevations in serum total
cholesterol, HDL-C, LDL-C, and triglyceride
levels (if measured) were universally reported
[18]. Notably, effects on different atherogenic
indexes were inconsistent, but increases in LDL-
C levels by around 15–20% were observed in
multiple studies, which is consistent with the
IL-6-driven lipid changes observed in vivo and
in vitro [19, 20]. The effect of treatment with
tocilizumab on qualitative features of LDL and
HDL particles in patients with RA has only been
superficially studied [21]. Strikingly, in one
recent study, increases in triglyceride and LDL-
C levels by tocilizumab were not associated with
an increment in the proportion of atherogenic
small, dense LDL and in plasma levels of oxi-
dized LDL [21]. Furthermore, increases in HDL-
C levels driven by tocilizumab did not imply
modifications of its antioxidative properties
[22]. Actually, HDL-C levels have been ques-
tioned as a therapeutic target for CV risk man-
agement, raising the need for more precise and
sensitive biomarkers of beneficial effects of HDL
[23]. Overall, lipid and lipoprotein plasma
concentrations do not reflect the qualitative
features of LDL and HDL; this question was not
studied in RA patients under therapy with
tocilizumab.

Therefore, the aim of this study was to eval-
uate the effect of tocilizumab on certain LDL
and HDL characteristics at baseline and
3 months after the start of treatment in patients
with RA. Particularly, oxidized LDL levels, HDL-
associated enzymes, chemical composition of
both total HDL and HDL3c subpopulation, and
their capacity to promote cellular cholesterol
efflux were studied.

METHODS

Study Design and Case Ascertainment

This was an observational prospective cohort
study. Twenty-eight patients with clinical
manifestations of RA were recruited at the
Rheumatology Unit of Hospital Italiano de
Buenos Aires and Instituto de Rehabilitación
Psicofı́sica (IREP) from November 2016 at
September 2019. All patients met ACR/EULAR

2010 criteria [24], were over 18 years old, and
received tocilizumab de novo administered
subcutaneously or intravenously. The indica-
tion and prescription were performed by the
treating rheumatologist unrelated to this study.
The exclusion criteria were diagnosis of dia-
betes, hypo- or hyper-thyroidism, renal or hep-
atic alterations, presence of infectious diseases,
acute myocardial infarction or stroke during the
previous 6 months, and use of antioxidant
vitamins or lipid-lowering drugs during the
previous months. Special care was taken to
avoid including subjects with secondary causes
of dyslipidemia such as excessive tobacco
smoking ([20 cigarettes/day) or ethanol con-
sumption ([ 20 g/day). Illiterate patients or
living outside Buenos Aires city area were
excluded from the study. Patients were receiv-
ing tocilizumab 4 mg/kg every 4 weeks as an
intravenous formulation, which could be
increased to 8 mg/kg according to clinical
response [25], or 162 mg tocilizumab subcuta-
neous injection once per week.

Clinical Assessment

At the study entry and after 3 months of treat-
ment, disease activity was evaluated by disease
activity score using 28 joint counts (DAS28) and
functional capacity using the Health assessment
questionnaire (HAQ).

Biochemical Parameters

Biochemical parameters were assessed at base-
line and 3 months after treatment with tocili-
zumab. Plasma levels of total cholesterol (TC),
triglycerides (TG), LDL-C, HDL-C, and high-
sensitivity C reactive protein (hsCRP) were
measured using commercially available enzy-
matic kits. Oxidized LDL (OxLDL) was measured
by a commercial ELISA kit (MyBioSource, Inc.
San Diego, CA, USA). Apolipoprotein (apo)A-I
and apo B concentrations were measured in an
IMMAGE nephelometer (Beckman Coulter,
Brea, CA, USA). Paraoxonase 1 (PON 1) activity
was measured in serum samples employing two
different substrates, paraoxon and phenylac-
etate (Sigma Chemical Co, St. Louis, MO, USA.;
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PON and ARE activities, respectively) following
the method of Furlong et al. [26]. Results were
expressed as nmol/ml.min and lmol/ml.min,
respectively. Cholesteryl ester transfer protein
(CETP) activity was determined in serum sam-
ples according to the general procedure previ-
ously described by Lagrost et al. [27]. Results
were expressed as percentage of 3H-cholesteryl
ester transferred from HDL3 to apo B-contain-
ing lipoproteins, per ml, per hour.

Total HDL (d: 1.063–1.210 g/ml) and small,
dense HDL3c (d: 1.156–1.179 g/ml) were iso-
lated from a subset of ten patients by single-
step, isopycnic non-denaturing density gradient
ultracentrifugation in a Beckman SW41 Ti rotor
at 40,000 rpm for 44 h in a BeckmanXL70
ultracentrifuge at 15 �C by a slight modification
of the method of Chapman et al. [28] as previ-
ously described [29]. Total HDL was prepared by
mixing together all HDL subfractions at their
equivalent plasma concentrations. Lipoproteins
were extensively dialyzed against phosphate-
buffered saline (PBS; pH 7.4) at 4 �C in the dark,
stored at 4 �C and used within 10 days. TC, free
cholesterol (FC), TG, and total protein contents
of both total HDL and the HDL3c subfraction
were determined using commercially available
assays. Cholesteryl ester (CE) concentration was
calculated by multiplying the difference
between total and free cholesterol concentra-
tions by 1.67 [28].

Cholesterol efflux capacity of total HDL and
HDL3c was measured in a humanTHP-1 mono-
cytic cell system (obtained from ATCC) at 15 lg
HDL PL/ml. Assays of cellular cholesterol efflux
were performed as previously described with
minor modifications [30]. The percentage of
cholesterol efflux was calculated as (medium
cpm)/(medium cpm ? cell cpm) 9 100%.
Specific cholesterol efflux was determined by
subtracting non-specific cholesterol efflux
occurring in the absence of cholesterol
acceptors.

Statistical Analysis

Categorical variables are reported as frequencies
and their 95% confidence intervals (Cis).
Distributions of all variables were analyzed for

normality using the Shapiro–Wilk test. Contin-
uous variables are reported as means (SD, stan-
dard deviation) or medians (IQR, interquartile
range) depending on normally, respectively.

Between-group differences in normally dis-
tributed variables were analyzed using paired
t test. For non-Gaussian distributed variables,
the Wilcoxon matched-pair rank test was used.
Differences in dichotomous variables were
analyzed by McNemar’s test. Correlations
between lipoprotein characteristics and acute
phase reactants were analyzed by Spearman
tests. The statistical software INFOSTAT (Na-
tional University of Córdoba, Argentina) and
SPSS 17.0 (Chicago, IL, USA) were used. A
p value of less than 0.05 was considered to be
significant.

Sample Size

Calculation of sample size was done for
cholesterol efflux capacity of HDL. To docu-
ment an increase in this metric of HDL func-
tionality of 25% after the treatment with
tocilizumab with an 80% power and alpha of
0.05 (two-sided), 25 patients were needed.

Ethical Considerations

The study was carried out in accordance with
Good Clinical Practice (GCP) guidelines,
defined in the International Conference on
Harmonization (ICH) and in accordance with
the ethical principles detailed in the European
Union Directive 2001/20/EC and the United
States Code of Federal Regulations (Title 21, Part
50 (21CFR50). The study was approved by
Institutional Review Board (protocol number
2593).

RESULTS

Baseline characteristics of the 28 patients
included in the study are shown in Table 1.
Most patients were seropositive for rheumatoid
factor (RF) and anti-cyclic citrullinated peptide
(CCP) antibodies (Table 1). Fourteen patients
(50%) were receiving tocilizumab as
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monotherapy and 14 patients (50%) were
receiving tocilizumab in combination with
DMARDs. Ten patients were receiving
methotrexate (MTX), two patients were receiv-
ing leflunomide, and two were receiving
hydroxychloroquine as DMARD concomitant
therapy with tocilizumab. The concomitant
consumption of corticoids was taken by 14
(50%) patients. The corticoid used was methyl-
prednisolone at a mean dose of 6 mg/day (SD
4.7). No medication changes were registered in
a 2-week period prior to the blood extraction.

At 3 months of treatment, hsCRP (- 94%,
p\0.01), ESR (- 74%, p\0.0001), DAS28,
both calculated with hsCRP (- 47%,
p\0.0001) and with ESR (- 50%, p\ 0.0001),
and HAQ (- 24%, p\0.005) decreased signifi-
cantly (Table 2).

In parallel, total cholesterol, LDL-C, non-
HDL-C, and apo B levels increased significantly
after 3 months of treatment (TC: ? 7.0%,
p\0.01; LDL-C: ? 10.4%, p\ 0.01; non-HDL-
C: ? 9.9%, p\0.01; and apo B: ? 9.6%,
p\0.05), while TG levels remained unchanged.
In contrast, Lp(a) decreased (- 50%, p\ 0.001)
and a reduction in OxLDL concentration was
also observed after 3 months of treatment
(- 5.4%, p\0.05). However, no changes were
found in HDL-C or in apo A-I levels. Regarding

the antioxidant enzyme PON 1, its PON activity
was elevated after 3 months of treatment
(p\ 0.01), while its ARE activity did not vary
significantly. Moreover, CETP activity also
remained unchanged after treatment with toci-
lizumab (Table 2).

Chemical compositions of total HDL and of
its biologically potent subpopulation, HDL3c,
were also analyzed. Weight percent chemical
composition revealed FC depletion and TG
enrichment in total HDL after 3 months of
treatment and no significant change in HDL3c
(Table 3). Regarding their functionality, neither
total HDL nor HDL3c showed significant mod-
ifications in the capacity to promote cholesterol
efflux from THP-1 cells (Table 4). Nevertheless,
changes in this capacity correlated positively
with changes in ARE activity (r = 0.69, p\ 0.05,
respectively) and negatively with hsCRP reduc-
tion (r = - 0.70, p\0.05).

DISCUSSION

Consistent with results from randomized con-
trol trials with tocilizumab, in the present
study, we showed that total cholesterol, LDL-C,
non-HDL-C, and apo B levels significantly
increased after 3 months of treatment with this
drug [21, 31]. This hypercholesterolemic effect

Table 1 Baseline characteristics of patients with rheumatoid arthritis (n = 28)

Age at diagnosis, years, mean (SD) 44.5 (15.2)

Age at inclusion in the study, years, mean (SD) 61.3 (13.6)

Female, n (%, CI 95%) 25 (89.3, 77.1–101.5)

Disease duration, months, median (IQR) 155 (108–303)

Positive RF, n (%, CI 95%) 19/25 (76.0, 58.0–94.0)

Positive anti-CCP, n (%, CI 95%) 11/17 (64.7, 39.4–90.0)

Patients on corticosteroids, n (%) 14 (50)

Corticosteroids dose, mg/day, mean (SD) 6.0(4.7)

Body mass index, n, mean (SD) 21, 28.0 (8.7)

Concomitant DMARDs, n (%) 14 (50)

Data are expressed as mean (SD) and as median (IQR), depending on data distribution
RF rheumatoid factor, CCP cyclic citrullinated peptide
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caused by tocilizumab has been widely reported
and led to the recommendation of monitoring
its use particularly in patients with dyslipidemia
and high CV risk [32]. However, these modifi-
cations could also be interpreted within the
context of the ‘‘lipid paradox’’ described for
active RA patients [33]. In the chronic inflam-
matory state of RA, CV risk has been inversely
associated with cholesterol levels. This appar-
ently irrational association could be attributed
to the fact that treatment with biologic
DMARDs are known to effectively reduce the
inflammatory state, which in turn leads to a
paradoxical elevation of cholesterol levels in

response to their anti-inflammatory effect [33].
Moreover, these findings are similar to recent
publications from Cacciapaglia et al. [34],
Hoffman et al. [35], and Emery et al. [36], who
additionally reported an increase in triglyc-
erides levels.

Furthermore, Fioravanti et al. [37] reported
only a significant increase in total cholesterol,
but beneficial effects on adipokine levels, con-
sisting of a reduction in chemerin and an
increase in adiponectin in the subgroups of the
patients analyzed. These adipokines are secreted
by adipose tissue and present opposite func-
tions. Chemerin was reported to modulate the

Table 2 General characteristics and lipid-related parameters from patients with rheumatoid arthritis (n = 28) at baseline
and after 3 months of treatment with tocilizumab

Parameter Baseline After 3 months p for the difference

hsCRP (mg/l) 3.9 (0.6–17.7) 0.5 (0.2–1.1) \ 0.0001

ESR (mm/h) 33 (23–60) 6 (2–17) \ 0.0001

DAS 28 (hsCPR) 4.5 (4.1–5.3) 2.1 (1.4–3.3) \ 0.0001

DAS 28 (ESR) 5.4 (0.9) 2.8 (1.4) \ 0.0001

HAQ 1.4 (1.0–2.0) 1.0 (0.9–1.5) \ 0.05

Total cholesterol (mg/dl) 4.84 (0.98) 5.23 (1.01) \ 0.05

HDL-C (mg/dl) 1.48 (0.41) 1.53 (0.49) NS

LDL-C (mg/dl) 2.72 (0.83) 3.00 (0.83) \ 0.05

Non-HDL-C (mg/dl) 3.37 (0.85) 3.70 (0.83) \ 0.05

TG (mg/dl) 1.33 (1.04–1.78) 1.38 (1.04–1.98) NS

Apo A-I (mg/dl) 57.83 (47.48–61.76) 55.69 (47.12–63.19) NS

Apo B (mg/dl) 1.47 (0.38) 1.62 (0.42) \ 0.05

Lp(a) mg/dl 48.00 (21.60–122.39) 21.60 (9.60–64.79) \ 0.01

OxLDL (pg/ml) 170 (147–194) 167 (146–175) \ 0.05

PON activity (nmol/ml.min) 174 (70) 191 (73) \ 0.05

ARE activity (lmol/ml.min) 70 (55–86) 71 (59–85) NS

CETP activity 124 (29) 108 (34) NS

Data are expressed as mean (SD) and as median (IQR), depending on data distribution
hsCRP high-sensitivity C-reactive protein, ESR erythrocyte sedimentation rate, DAS 28 disease activity score 28, HAQ
health assessment questionnaire, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol,
TG triglycerides, OxLDL oxidized LDL, PON paraoxonase, ARE arylesterase, Lp(a) lipoprotein (a), CETP cholesteryl ester
transfer protein, NS non-significant
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immune system and it is considered responsible
for the induction of inflammation and the
increase of cardiovascular risk [38]. By contrast,
adiponectin is involved in glucose and lipid
metabolism with favorable effects on cardio-
vascular disease [31]. Tocilizumab treatment in
RA patients has demonstrated no changes in
BMI and fat mass, even though it has been
proven to exert positive effects on certain
inflammatory and lipoprotein-associated
parameters related to adipose tissue. As

mentioned by Fioravant et al. [37], these find-
ings might contribute to explain the safety of
treatment with tocilizumab related to cardio-
vascular risk.

On the other hand, the apparently
proatherogenic increases in apo B-containing
lipoproteins are in contrast to the marked
decrease observed in Lp(a) plasma levels after
3 months of treatment with tocilizumab. The
significant reduction observed in this athero-
genic and prothrombotic lipoprotein upon the
treatment with tocilizumab is in agreement
with findings of different authors [21, 39–41]
and can reflect a direct effect of tocilizumab on
apo (a) gene expression [42]. Different studies
evaluated the impact of biologic DMARDs on
Lp(a) levels in patients with RA. Firstly, Schultz
et al. [39] reported that the inhibition of the IL-
6 pathway caused a reduction in Lp(a) plasma
concentrations in a group of patients with
rheumatic inflammatory diseases treated with
tocilizumab. This finding was already observed
after 1 month and it remained up to 3 months
of treatment with tocilizumab. Similarly,
McInnes et al. [43] found a reduction of 37% in
Lp(a) plasma levels in RA patients treated with
tocilizumab plus methotrexate as compared
with RA patients treated with placebo plus
methotrexate. Moreover, Gabay et al. [44],
through a post hoc analysis, showed that
Lp(a) plasma levels only decreased in a RA group
under treatment with tocilizumab. More
recently, a 10-year retrospective study con-
firmed the above-mentioned findings [41].
Finally, Virone et al. [45] observed the same
effect of tocilizumab on Lp(a) level and other
biomarkers, with the exception of a non-sig-
nificant trend for the deterioration of (increase
in) apoB levels. This results were also consistent

Table 3 Chemical composition of total HDL and small,
dense HDL3c subpopulation from patients with rheuma-
toid arthritis (n = 10) at baseline and after 3 months of
treatment with tocilizumab

Component Group Total HDL HDL3c

FC (%) Baseline 3.8 (0.6)* 2.6 (1.6)

3 months 3.5 (0.7) 2.2 (1.9)

CE (%) Baseline 19 (3) 12 (4)

3 months 18 (3) 11 (2)

TG (%) Baseline 5.6 (1.0)** 5.4 (2.1)

3 months 6.8 (1.3) 6.1 (1.9)

PL (%) Baseline 27 (23–28) 13 (13–16)

3 months 25 (24–27) 15 (13–15)

TP (%) Baseline 46 (2) 66 (5)

3 months 48 (3) 66 (2)

Data are expressed as mean (SD) and as median (IQR),
depending on data distribution. *p\ 0.05; **p\ 0.001
HDL high-density lipoprotein, FC free cholesterol, CE
cholesteryl esters, TG triglycerides, PL phospholipids, TP
total proteins

Table 4 Cellular cholesterol efflux promoted by total HDL and HDL3c from patients with rheumatoid arthritis (n = 10)
at baseline and after 3 months of treatment with tocilizumab

Parameter Baseline After 3 months p for the difference

Cholesterol efflux capacity of total HDL (%) 4.17 (0.99) 3.80 (0.73) NS

Cholesterol efflux capacity of HDL3c (%) 4.38 (1.59) 4.81 (1.98) NS

Data are expressed as mean (SD)
HDL high-density lipoprotein, NS non-significant
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with those obtained by Gabay et al. [44] with a
greater improvement of CV risk-associated
biomarkers under tocilizumab than adali-
mumab treatment. For the first time, after
3 months of treatment with tocilizumab, we
were able to detect a reduction in OxLDL, which
can be considered as a direct biomarker of the
atherosclerotic process [46]. This result could be
attributed, at least in part, to the increment
detected in PON activity, which significantly
contributes to the antioxidative capacity of
HDL particles [47]. The study of McInnes et al.
[21] also found an increase in PON activity, but
failed to detect any variation in OxLDL levels
upon IL-6R blockade. CV events are one of the
principal causes of death in patients with RA
[1, 48, 49].

Traditional risk factors such as hypertension,
smoking, dyslipidemia, and obesity contribute
to the endothelial dysfunction in RA, but can-
not fully explain the increase in CV disease. The
chronic high-grade inflammatory state of the
disease has been linked to the development of
premature atherosclerosis. Abnormalities in
lipid metabolism, and especially those leading
to an increase in LDL levels or to LDL oxidation,
play a key role in the atherosclerotic process.
Dyslipidemia is common in RA, affecting
between 55 and 65% of patients; however,
decreased lipid levels are paradoxically associ-
ated with increased CV risk in RA, whereas
levels of LDL-C, HDL-C, and total cholesterol
are inversely correlated with markers of chronic
inflammation, forming a complex puzzle that
results in premature atherosclerosis [50, 51].

Apart from the changes observed in apo
B-containing lipoproteins, both beneficial and
non-beneficial, no modifications were detected
neither in HDL-C, nor in its main apolipopro-
tein, apo A-I, after treatment with tocilizumab.
Recently, ‘‘the HDL hypothesis’’ [52] has been
questioned, emphasizing the conclusion that
antiatherogenic capacity of HDL is not well
reflected by measurement of its cholesterol
content [53]. Anti-atherogenic functions of
HDL, such as its capacity to promote cellular
cholesterol efflux, could better predict future
CV events [54]. Apart from promoting reverse
cholesterol transport, whose first step includes
cholesterol efflux from peripheral cells, HDL

exerts antioxidative properties by inhibiting
LDL oxidation as well as anti-inflammatory
functions [55]. According to the secondary
analysis of the JUPITER (Justification for the Use
of Statins in Prevention: an Intervention Eval-
uating Rosuvastatin) Study, it has also been
revealed the relevance of evaluating HDL func-
tionality beyond HDL-C levels. The authors
described how HDL functionality, evaluated
through HDL inflammatory index, might pro-
vide insights into the complex role of HDL, in
particular among individuals with chronic
inflammation [56].

Among individual HDL subpopulations,
small, dense HDL3c is particularly potent in
promoting cellular cholesterol efflux and pro-
tecting LDL from oxidative damage [57]. Inter-
estingly, atheroprotective properties of HDL are
known to be altered in inflammatory diseases
including RA and systemic lupus erythematosus
[58, 59].

When chemical composition of total HDL
was evaluated, a reduction in free cholesterol
and an increase in triglycerides were detected.
The latter was previously associated with an
impairment of some cardioprotective functions
exerted by HDL in different disorders such as
primary hypertriglyceridemia [60], metabolic
syndrome [61], and type 2 diabetes [62]. Nev-
ertheless, in this group of RA patients treated
with tocilizumab, the above-mentioned com-
positional alterations of HDL particles did not
impact HDL functions. Indeed, HDL capacity to
promote cellular cholesterol efflux was
unchanged after 3 months of treatment. Two
other studies explored cholesterol efflux func-
tion of HDL in samples obtained from patients
treated with tocilizumab. The one carried out by
Ormseth et al. [63] failed to find any difference
between baseline and 6 months of treatment in
the group of RA patients evaluated and only
detected an improvement in the cholesterol
efflux capacity after treatment in the subgroup
of patients who were initially defective in this
functional parameter. On the other hand, Fer-
raz-Amaro et al. [64] only reported an increase
in cholesterol efflux capacity after 6 months of
treatment with tocilizumab but not at
3 months. To the best of our knowledge, this is
the first time that an HDL subfraction, notably
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small, dense HDL3c, was analyzed in RA
patients treated with tocilizumab. Importantly,
in HDL3c, which normally possesses potent
cardioprotective activities, no adverse alter-
ations were detected. Clinical relevance of
small, dense HDL3 was recently highlighted by
the studies of Albers et al. [65] and Joshi et al.
[66], who observed that CV events showed a
stronger association with HDL3 than with total
HDL or HDL2 concentrations. Accordingly, the
capacity of HDL3c to promote cholesterol efflux
was not changed by the treatment with tocili-
zumab in the present study. No other studies
have explored the effect of tocilizumab on
small, dense HDL.

Our study has some limitations. The number
of patients was limited, and we only assessed
the effect at 3 months. However, previous
studies [43] have shown little variations on
lipids levels after 3 months of therapy with
tocilizumab. The low number of patients did
not allow us to make subgroup comparisons,
however the findings were clear and significant
even with this reduced number of patients. We
did not have a control group, given that the
objective of the study was to compare the
change in lipid profile before and after treat-
ment with tocilizumab. We also did not evalu-
ate long-term cardiovascular events, however
lipid characteristics are a good surrogate end-
point in cardiovascular disease.

In conclusion, we showed that tocilizumab
reduced hsCRP levels and displayed positive
effects on certain lipoprotein-related parame-
ters, such as a potent decrease in Lp(a) levels.
Moreover, for the first time, after 3 months of
treatment with tocilizumab, a reduction in
oxidized LDL concentration was detected, a
change that could be attributed to the incre-
ment observed in the activity of the HDL-asso-
ciated antioxidant enzyme PON, thus
suggesting that tocilizumab could beneficially
modulate certain HDL-atheroprotective func-
tions. Furthermore, no other studies had
explored the effect of tocilizumab on chemical
composition of both total HDL and small, dense
HDL3c particles, and, particularly, the capacity
of this active HDL subpopulation to promote
cholesterol efflux, which did not suffer any

alteration as a consequence of tocilizumab
treatment.

So far, when analyzing the balance between
pro and antiatherogenic changes, there is no
clear evidence of increased CV risk in patients
treated with tocilizumab, and the examination
of lipoprotein metabolism seems to be consis-
tent with the pattern of decreased risk in spite of
elevation of total cholesterol and LDL-C. How-
ever, only long-term studies looking at the
actual incidence of CV events would finally
resolve this puzzle.
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