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Lipid profile changes in patients with rheumatic diseases receiving
a treatment with TNF-a blockers: A meta-analysis of prospective studies

Matteo Nicola Dario Di Minno', Pasquale Ambrosino’, Rosario Peluso’, Alessandro Di Minno',
Roberta Lupoli' , Francesco Dentali? & on behalf of the CaRRDs Study Group

'Department of Clinical Medicine and Surgery, Federico Il University, Naples, Italy, and ?Department of Clinical Medicine, University of

Insubria, Varese, Italy

Background. Some studies showed an anti-atherogenic effect
of TNF-a blockers on lipid profile, but these data have been
challenged.

Objective. To perform a meta-analysis on lipid profile changes
induced by TNF-a blocker treatment.

Methods. Prospective studies on rheumatic patients receiving
TNF-a blockers and providing before-and-after treatment val-
ues of triglycerides (TGs), total cholesterol (TC), HDL-cholesterol
(HDLc), LDL-cholesterol (LDLc), and atherogenic index (Al) were
included. Standardized mean differences (SMD) in lipid pro-
file were analyzed at short-term (2-12 weeks), middle-term
(13-24 weeks), and long-term (25-52 weeks) assessments.
Results. Thirty articles (1707 patients) were included. TNF-a
blockers determined an increase in TC at short-term, middle-
term, and long-term assessments (SMD: 0.20 mmol/L [95% ClI:
0.04, 0.35]; SMD: 0.27 mmol/L [95% CI: 0.08, 0.46]; SMD: 0.22
mmol/L [95% CI: 0.01, 0.43]). HDLc increased only at the short-
term assessment (SMD: 0.19 mmol/L [95% Cl: 0.10, 0.28]), and
TGs achieved a significant increase at the long-term assessment
(SMD: 0.19 mmol/L [95% Cl: 0.04, 0.34]). LDLc and Al were not
affected by TNF-a blocker treatment.

Conclusions. Slight but significant increases in TC occurred
without any significant change in LDLc and Al. Changes in HDLc
and TGs were not consistent among the different time point
assessments. These quantitative changes in lipid profile do not
seem to be able to explain cardiovascular risk improvement
reported in patients receiving TNF-a blockers. Further studies on
other mechanisms are needed to address this issue.

Key words: Lipid profile, rheumatic patients, TNF-o. blockers

Introduction

Patients with rheumatic diseases, such as rheumatoid arthritis
(RA), psoriatic arthritis (PsA), and ankylosing spondylitis (AS),
exhibit an increased risk of cardiovascular (CV) events and an
increased CV mortality (1). In these patients, immune-mediated

o TNF-o blockers determine a slight consistent increase
in TC levels, a transient increase in HDLc, and a
progressive rise in TGs. LDLc and Al are not affected by
TNF-o blocker treatment.

® Most of the reported changes in lipid profile are slight,
transient, or fluctuating and are unlikely to explain
cardiovascular risk improvement in rheumatic
patients receiving TNF-o blockers. Thus, some further
mechanisms should be investigated.

chronic systemic inflammation interacts with traditional CV risk
factors (2,3).

Tumor necrosis factor-oo (TNF-ot) has a central role in the
pathophysiology of chronic inflammation in major arthritides
(2,4) and is also involved in the induction and in the maintenance
of the atherosclerotic process (5-7). Further supporting this link,
the treatment with TNF-o blockers, besides inducing a significant
reduction of the inflammatory burden, has been found to reduce
the CV risk (1). However, with only few exceptions—represented
by studies on changes in some markers of CV risk in PsA patients
(8,9)—most of this evidence derives from studies on RA (5,10).

Some data showed that the treatment with TNF-a blockers
is able to normalize platelet hyper-reactivity, (11-13), to reduce
subclinical atherosclerosis (14-18), and to improve insulin resis-
tance in rheumatic patients (19-21). Some studies also showed
that TNF-o blockers are able to induce anti-atherogenic changes
in lipid profile (22). However, these data have been challenged,
and this issue needs to be further addressed (23).

Thus, the aim of our systematic review and meta-analysis of the
literature is to assess changes in lipid profile after short-, middle-,
and long-term treatment with TNF-o blockers in patients with
rheumatic diseases.
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Methods

A protocol for this review reporting specific objectives, criteria
for study selection, approach to assess study quality, outcomes,
and statistical methods was prospectively developed.

Search strategy and selection criteria

A systematic research of the literature published until January
2013 was performed using MEDLINE, Cochrane library,
EMBASE, Scopus, and Web of Science databases to identify all
articles evaluating lipid profile in patients with rheumatic diseases
treated with TNF-o blockers.

The search strategy was developed without any publication
year or language restriction and used the medical subject headings
and text words presented in the online-only Data Supplement.
In addition, abstracts of 2009-2012 European League Against
Rheumatism (EULAR) and American College of Rheumatology
(ACR) congresses were manually reviewed. The full text of rel-
evant abstracts was retrieved. In addition, references of retrieved
articles were manually scanned for other relevant articles.

In case of missing data, study authors were contacted by
e-mail to try to retrieve original data. Two independent authors
(M.N.D.D.M. and P.A.) analyzed each article and performed the
data extraction independently. In case of disagreement, a third
investigator was consulted (ED.). Discrepancies were resolved by
consensus. Selection results were reported according to PRISMA
flow chart (Supplementary Figure 1 to be found online at http://
informahealthcare.com/doi/abs/10.3109/07853890.2013.874661).

Data collection and assessment of risk of bias

To be included in the analysis, a study had to have enrolled
patients with one of the major arthritides (AR, PsA, AS) treated
with TNF-o blockers and to provide values (means with standard
deviation) before and after treatment of at least one variable
among the following: triglycerides (TGs), total cholesterol (TC),
HDL-cholesterol (HDLc), LDL-cholesterol (LDLc), and athero-
genic index (AL corresponding to the TC/HDLc ratio). Studies
evaluating patients with chronic inflammatory bowel diseases
and with psoriasis without arthritis were not included to obtain
data with higher homogeneity. Given the characteristics of the
included studies, the evaluation of the methodological quality
of each study was performed with the Newcastle-Ottowa Scale
(NOS), which is specifically developed to assess quality of non-
randomized observational studies (24). Results of the quality
assessment are reported in Supplementary Table I to be found on-
line at http://informahealthcare.com/doi/abs/10.3109/07853890.
2013.874661.

Data regarding sample size, major clinical and demographic
variables, and values of TC, LDLc, HDLc, TGs, and Al before and
after initiation of TNF-o. blocker treatment were extracted. After
evaluating the length of observation intervals reported in each
included study, lipid profile changes were stratified at three time
points: short-term (2-12 weeks), middle-term (13-24 weeks),
and long-term (25-52 weeks). For studies with two values for the
same time point (e.g. data at 25 and 52 weeks), only the latest data
were used. For homogeneity, data obtained after the 52 weeks of
treatment have been separately discussed but not included in the
analysis. Studies not reporting standard deviations or standard
errors were excluded.

Statistical analysis

Statistical analysis of pre-post mean lipid levels (with standard
deviations) was performed with the Review Manager software
(Version 5.2, The Cochrane Collaboration, Copenhagen,

Denmark), and it was expressed as standard mean difference
(SMD) with 95% confidence intervals (95% CI).

With the exception of the atherogenic index which was report-
ed as an absolute number, all the other values have been expressed
as millimoles per liter (mmol/L). When expressed as milligrams
per deciliter (mg/dL), values have been converted by using the
formula: 1 mg/dL = 0.0259 mmol/L.

Analysis of standardized mean differences was carried out,
and random effects model was used to take into account the
heterogeneity among the studies. The appropriateness of pooling
data across studies was assessed with the use of the I? test for
heterogeneity. I values of 0% indicate no heterogeneity, 25% low,
25%-50% moderate, and 50% high heterogeneity (25). In case of
statistically significant heterogeneity among studies, we planned to
remove one study at a time to identify the source of heterogeneity.

Publication bias was assessed by the Egger test and represented
graphically by funnel plots of the standard difference in means
versus the standard error. Visual inspection of funnel plot asym-
metry was performed to address for possible small-study effect,
as well as Egger’s test to address publication bias, over and above
any subjective evaluation. A P<<0.10 was considered statistically
significant (26).

Sensitivity analyses
We repeated sensitivity analyses by including using high-quality
studies (NOS score =7).

Subgroup analyses

We planned to perform separate subgroup analyses of studies
including only one type of rheumatic disease or reporting on
patients receiving only one TNF-o blocker.

Meta-regression analyses

We hypothesized that changes in lipid levels may be affected
by differences in baseline characteristics of patients included in
different studies (mean age, percentage of male patients) or by
the use of concomitant therapies in different studies (percent-
age of patients treated with corticosteroids or methotrexate). To
assess the possible effect of such variables in explaining the
different results, observed across studies, we performed a meta-
regression analysis after implementing a regression model with
changes in lipid levels as dependent variable (y) and the above-
mentioned variables as independent variables (x). This analysis
was performed with STATA 11.1 (Stata Corp, Austin, TX, USA).

Results

After excluding duplicate results, the search retrieved 1668 arti-
cles. Overall 1492 articles were excluded because they were off the
topic, 146 were excluded because they were reviews/comments/
case reports or they lacked the data of interest. In addition, two
letters-to-the-Editor were excluded (27,28) because it was not
possible to exclude that data reported in these letters had been
partially reported in a previously published full-length paper (29).

Thus, 30 articles (1707 patients) were included in the final
analysis (Table I) (6,17,29-56).

In detail, 29 studies with data on TC (1627 patients), 28 studies
with data on HDLc (1565 patients), 18 studies with data on LDLc
(992 patients), 26 studies with data on TGs (1267 patients), and
14 studies with data on AI (550 patients) were evaluated.

Study characteristics

Table I shows the characteristics of the studies included in the
meta-analysis. Twenty articles reported on patients receiving
only one type of anti-TNF-o drug (3 with adalimumab, 3 with
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etanercept, and 14 with infliximab), and other 10 studies included
patients receiving different types of TNF-o blockers. Overall, we
analyzed data about 290 patients receiving adalimumab, 686 un-
der etanercept, and 731 under infliximab. The follow-up varied
from 2 weeks to 2 years, and the number of patients from 6 to 292.
The mean age of study participants ranged from 32.6 to 56.0 years,
and 35.1% of all study participants were male. All included studies
but one (35) reported data of patients starting for the first time a
treatment with TNF-o blockers (TNF-o. blocker-naive patients).
In total, a concomitant use of corticosteroids or of methotrexate
was reported by 82.6% and by 92% of studies, while 22.2% of
studies included patients who used statins. Median quality score
of studies, assessed using NOS, was 7. With the exception of only
one study (32), all included studies were non-randomized obser-
vational cohort studies. Results were stratified as short-, middle-,
and long-term according to the length of follow-up (see Methods
section). In only one case (36), also results at 18 and 24 months
were available, but, as specified in the methods section, only data
till 12 months were included in the analysis.

Short-term study outcomes (2 weeks to 3 months)

As reported in Figure 1, we found a significant increase in TC
levels (SMD: 0.20 mmol/L; 95% CI: 0.04, 0.35; P=0.01; I> = 52%)
in the 20 studies (975 patients) evaluating this variable. Hetero-
geneity among these studies was significant (I = 52%; P = 0.003).
Removing from the analysis the study performed by Syngle et al.
(49), we confirmed a significant increase in TC levels with a
low heterogeneity among the studies (SMD: 0.21 mmol/L; 95%
CI: 0.11, 0.30; P<<0.001; I>=5%). Changes in LDLc levels were
evaluated in 10 studies (357 patients) for a resulting not signifi-
cant increase in the LDLc levels (SMD: 0.14 mmol/L; 95% CI:
-0.06, 0.33; P=0.18; I>2=137%). HDLc levels were evaluated in
20 studies (909 patients), and a significant increase was reported
(SMD: 0.19 mmol/L; 95% CI: 0.10, 0.28; P<0.001; 1>=0%)
after treatment with TNF-o. blockers. Levels of TGs (evaluated in
13 studies, 454 patients) were marginally significantly increased
(SMD: 0.12 mmol/L; 95% CI: -0.01, 0.25; P = 0.07; 1> = 0%). No
significant changes were found in the seven studies (264 patients)
reporting on AI (SMD: -0.26; 95% CI: -0.73, 0.20; P=0.27).
Heterogeneity among studies was highly significant (I> = 83%;
P<0.00001). After excluding from the analysis the study per-
formed by Single et al. (49), similar results with no heterogeneity
were found (SMD: 0.04; 95% CI: -0.13, 0.22; P = 0.62; > = 0%).

Middle-term study outcomes (4-6 months)

As reported in Figure 2, the significant increase in TC levels
found in the short term was also confirmed in the 12 studies (367
patients) evaluating this variable in the middle term (SMD: 0.27
mmol/L; 95% CI: 0.08, 0.46; P=0.005). Heterogeneity among
these studies was marginally significant (I* = 37%; P = 0.09). Simi-
lar findings with no heterogeneity were found after the exclusion of
the study by Seriolo et al. (29) (SMD: 0.18 mmol/L; 95% CI: 0.02,
0.33; P=0.02; I>=0%). There was a marginally significant in-
crease in HDLc (13 studies with 446 patients; SMD: 0.12 mmol/L;
95% CI: -0.01, 0.25; P=0.08; I> = 0%) and in levels of TGs (nine
studies with 307 patients; SMD: 0.15 mmol/L; 95% CI: -0.01, 0.30;
P=0.07; I>= 0%), whereas no significant changes in LDLc (seven
studies with 263 patients; SMD: 0.11 mmol/L; 95% CI: -0.06, 0.27;
P=0.22; 2=0%) and Al (eight studies with 296 patients; SMD:
0.06; 95% CI: -0.10, 0.22; P = 0.43; I> = 0%) were found.

Long-term study outcomes (7-12 months)

As reported in Figure 3, a significant increase in TC was reported
(SMD: 0.22 mmol/L; 95% CI: 0.01, 0.43; P= 0.04; I>=64%) in

the 10 studies (613 patients) evaluating this variable in the long
term. A significant heterogeneity (1> = 64%, P = 0.003) was found
among these studies. However, a one-at-a-time study omission,
although leading to a progressive reduction of heterogeneity, did
not change these results (SMD: 0.12 mmol/L; 95% CI: 0.00, 0.25;
P=0.05,1>=35%). In line with short- and middle-term findings,
no significant changes were found in eight studies (331 patients)
evaluating LDLc levels (SMD: 0.16 mmol/L; 95% CI: -0.05, 0.36;
P =0.13). These studies showed a slightly significant heterogene-
ity (I = 44%; P = 0.09), and, after excluding the study by Garces
et al. (43), similar results with a lower heterogeneity were found
(SMD: 0.10 mmol/L; 95% CI: -0.10, 0.29; P=0.33, 12 = 27%).
HDLc levels were evaluated in nine studies (417 patients) which
showed no significant increase in the HDLc levels (SMD: 0.11
mmol/L; 95% CI: -0.07, 0.29; P=10.21) with a significant het-
erogeneity (I>=43%; P =0.08). However, a one-at-a-time study
omission did not reduce the heterogeneity. Evaluating 10 studies
(591 patients), a significant increase in levels of TGs was found
(0.19 mmol/L; 95% CI: 0.04, 0.34; P = 0.02; I = 32%). No changes
were found in the six studies (237 patients) reporting on AI (SMD:
0.05; 95% CI: -0.12, 0.22; P=0.57; I> = 0%). Only one study (36)
reported data about lipid profile at 18 and 24 months. Of interest,
also this study confirmed that no significant changes occurred in
TC, HDLc, and LDLc levels. In contrast, a clear trend towards
increased levels was reported for TGs.

An assessment, over time, of absolute mean values at the
three pre-defined time points (Supplementary Figure 2 to be found
online at http://informahealthcare.com/doi/abs/10.3109/07853890.
2013.874661) confirmed that TC exhibited consistently increased
values as compared with baseline during treatment with TNF-o
blockers, HDLc showed only a trend toward an increase, and TGs
showed a progressive increase over time.

Despite the stratification of data in short, middle, and long
term, the included studies somehow differed in the three time
points. However, evaluating mean lipid profile changes versus
baseline at each exact assessment time (expressed in weeks), we
found results consistent with those reported above (Supplementary
Figure 3 to be found online at http://informahealthcare.com/doi/abs/
10.3109/07853890.2013.874661).

Publication bias

Publication bias was found for TC levels at short-, middle-, and
long-term (Egger = 0.003, 0.09, and 0.003, respectively), for LDLc
and HDLc at long-term (Egger = 0.09 and 0.08, respectively), and
for Al values at short-term assessment (Egger <0.0001). No bias
was found for the other assessments. Of interest, the funnel plot
visual analysis showed that, in all cases, bias was due to four stud-
ies (29,43,49,53) declared of low quality and by one study (34)
including exclusively subjects under a concomitant steroid and
DMARD:s treatment.

Sensitivity analysis

Based on study quality assessment, 17 studies were classified as
‘high quality’, and all the analyses were repeated by including only
these studies (6,17,33,34,36-40,42,45-48, 50,51,54).

Of interest, results of sensitivity analyses showed that most
changes in lipid profile, while confirmed in the short term, are
progressively lost at middle- and long-term follow-up (Supple-
mentary Table I to be found online at http://informahealthcare.com/
doi/abs/10.3109/07853890.2013.874661).

Subgroup analyses

Further stratification was performed according to type of
rheumatic disease and to type of TNF-o blocker (Table II). The
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Figure 1. Studies on short-term changes in lipid levels in patients receiving TNF-o, blockers.

stratification according to disease type showed that most of the
results are derived from studies on RA. In line with this finding, in
studies on rheumatoid arthritis all the parameters considered, ex-
cept AL were significantly increased at the short-term assessment

and TC was significantly increased at middle-term assessment.
All the other parameters at middle- and long-term assessment
were not significantly different. Conversely, in studies on AS and
PsA, results are sparse and based on a very limited number of
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Figure 2. Studies on middle-term changes in lipid levels in patients receiving TNF-o blockers.

studies and patients (if any). Similarly, most of studies were on
patients exclusively treated with infliximab, and patients treated
with this compound seem to have a transitory rise in the HDLc

levels and an increase in the levels of TGs at all time points.

Meta-regression analyses

Regression models did not show any clear trend (regression coef-
ficient with a P value always > 0.2) when we analyzed the possible

relationship across the studies between differences in baseline
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characteristics or in the use of concomitant therapies and changes

in lipid levels.

Discussion

Results of the present meta-analysis of studies investigating
changes in lipid levels induced by a treatment with TNF-o

Figure 3. Studies on long-term changes in lipid levels in patients receiving TNF-o blockers.

79

blockers in rheumatic patients suggest that these drugs are

associated with a significant increase in TC, consistently confirmed
at short-, middle-, and long-term assessments. As to HDLc, the
significant increase found at the short-term assessment was not

confirmed at the middle- and long-term assessments. Levels of
TGs showed a progressive increase over time, achieving statistical
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Table II. Subgroup analyses according to disease type (Panel A) and drug type (Panel B).

Short-term Middle-term Long-term
Studies  Patients  Changes (mmol/L)  Studies Patients Changes (mmol/L) Studies Patients  Changes (mmol/L)

PANEL A (n) (n) [95% CI] (n) (n) [95% CI] (n) (n) [95% CI]
Rheumatoid arthritis

TC 13 659 0.25 [0.14, 0.36] 8 266 0.33 [0.05, 0.60] 6 214 0.22 [-0.19, 0.62]

HDLc 14 739 0.19 [0.09, 0.29] 9 346 0.11 [-0.04, 0.26] 6 288 0.12 [-0.12, 0.37]

LDLc 6 223 0.30 [0.09, 0.50] 5 198 0.07 [-0.13, 0.27] 5 202 0.05 [-0.22, 0.32]

TGs 9 266 0.19 [0.02, 0.37] 7 242 0.18 [-0.00, 0.37] 6 192 0.23 [-0.05, 0.51]

Al 6 252 0.04 [-0.13, 0.22] 6 232 0.04 [-0.18, 0.25] 4 156 —0.03 [-0.25, 0.18]
Psoriatic arthritis

TC 3 171 -0.02 [-0.23, 0.19] 1 10 0.10 [-0.78, 0.98] 2 318 -0.16 [-0.32, —=0.00]

HDLc 3 25 -0.07 [-0.64, 0.50] 1 10 0.29 [-0.59, 1.17] 1 48 0.29 [-0.11, 0.69]

LDLc 1 15 0.05 [-0.66, 0.77] - - - 1 16 0.20 [-0.37, 0.77]

TGs 2 161 0.00 [-0.23, 0.23] - - - 2 318 0.10 [-0.05, 0.26]

Al - - - - - - - - -
Ankylosing spondylitis

TC 3 104 -0.97 [-3.50, 1.55] 3 91 0.21 [-0.08, 0.49] 1 16 0.12 [-0.44, 0.69]

HDLc 3 130 0.33 [0.09, 0.58] 3 90 0.12 [-0.17, 0.40] 1 16 —0.30 [-0.87, 0.28]

LDLc 2 104 -0.16 [-0.70, 0.38] 2 65 0.21 [-0.12, 0.54] 1 48 0.18 [-0.22, 0.58]

TGs 1 12 -0.17[-0.97, 0.63] 2 65 0.02 [-0.31, 0.34] 1 16 0.55 [-0.02, 1.13]

Al 1 12 -4.91 [-6.63, -3.20] 2 64 0.13 [-0.20, 0.46] 1 16 0.51 [-0.07, 1.09]
PANEL B
Infliximab

TC 11 366 0.19 [-0.07, 0.45] 5 189 0.16 [-0.04, 0.36] 4 164 0.26 [-0.31, 0.83]

HDLc 12 446 0.27 [0.14, 0.40] 6 269 0.05 [-0.12, 0.22] 5 244 0.10 [-0.20, 0.39]

LDLc 7 217 0.15 [-0.15, 0.44] 3 119 0.06 [-0.19, 0.32] 4 158 0.04 [-0.31, 0.40]

TGs 9 237 0.23 [0.05, 0.41] 4 129 0.38 [0.13, 0.63] 4 142 0.33 [0.02, 0.65]

Al 6 256 -0.25 [-0.75, 0.26] 3 119 0.26 [0.01, 0.52] 3 112 0.02 [-0.24, 0.27]
Adalimumab

TC 2 41 0.29 [-0.14, 0.73] 1 50 0.18 [-0.21, 0.57] 1 44 0.11 [-0.30, 0.51]

HDLc 2 41 0.42 [-0.02, 0.86] 1 50 0.37 [-0.03, 0.76] 1 44 0.26 [-0.15, 0.66]

LDLc 1 233 0.11 [-0.37, 0.60] 1 50 0.08 [-0.31, 0.47] 1 44 0.05 [-0.35, 0.46]

TGs 1 33 ~0.12 [-0.60, 0.36] 1 50 ~0.04 [-0.43, 0.35] 1 44 -0.15 [-0.55, 0.26]

Al 1 8 -0.46 [-1.46, 0.53] 1 50 -0.20 [-0.59, 0.19] 1 44 -0.16 [-0.56, 0.25]
Etanercept

TC 2 384 0.16 [0.01, 0.30] - - - 1 6 0.06 [-1.07, 1.20]

HDLc 2 384 0.14 [-0.10, 0.39] - - - - - -

LDLc 1 92 0.01 [-0.28, 0.30] - - - - - -

TGs - - - - - - 6 0.25 [-0.89, 1.38]

Al - - - - - - - - -

Al = atherogenic index; HDLc = HDL-cholesterol; LDLc = LDL-cholesterol; TC = total cholesterol; TGs = triglycerides.

significance at the long-term assessment. In contrast, LDLc and
AT were not affected by TNF-o blocker treatment.

At variance with a previous meta-analysis (57), we tried to
assess the effects of TNF-o blockers on lipid profile in different
types of rheumatic diseases. Although there is no evidence sug-
gesting that effects of TNF-o blockers on lipid profile should dif-
fer based on underlying rheumatic disease, most of the included
studies were on RA patients, and only five studies specifically
reported on PsA and five on AS. Thus, in RA patients, TC, HDLc,
LDLc, and levels of TGs were significantly increased at short-term
assessment and TC was significantly increased also at middle-term
assessment. All the other parameters were not significantly
different from baseline. On the other hand, when we considered
patients with PsA and AS, due to the relatively low number of stud-
ies and of enrolled patients, we were unable to find any statistically
significant difference in lipid profile as compared to baseline.

Similarly, the subgroup analysis for the different types of
TNF-o blocker drugs showed that most of the results derive from
studies on patients receiving infliximab, and that the few available
data on patients under etanercept or adalimumab do not lead to
definite results.

Moreover, little is known about the influence of the other
biologic agents (i.e. anti-IL6, anti-CD20) on lipid profile.
Anti-IL6 (tocilizumab) seems to induce pro-atherogenic lipid
changes (58,59), while contrasting results have been reported
for anti-CD20 (rituximab) (60-62). Thus, further specifically

designed prospective studies are needed in order to establish the
effect of these increasingly used drugs on lipid profile.

Although underlying mechanisms are not fully addressed, the
cardioprotective effect of TNF-co. blockers has been suggested by
several studies. However, the evaluation of changes in each lipid
fraction (HDLc, LDLc, and TGs) predicts the CV risk better than
the overall assessment of TC values.

LDLc, which is the major atherogenic lipoprotein, has been
considered as the primary cholesterol-lowering therapy target for
the reduction of CV risk (63). In the present meta-analysis, we did
not find any significant change of LDLc levels after treatment with
TNF-o. blockers. On the other hand, low levels of HDLc being a
strong predictor of the CV risk, the increase in HDLc reported
in this meta-analysis might suggest a cardioprotective effect of
TNF-o blockers (64).

However, this hypothesis is hampered by the evidence that
changes in HDLc were mild, limited to the short-term assessment,
and not associated with significant changes in the atherogenic
index (i.e. TC/HDLc ratio).

In addition, we found that, moving from short term to middle
and long term, TNF-o. blocker treatment induced a significant
increase in the levels of TGs. This effect is likely to be secondary to
the effect of TNF-o blockers on insulin resistance (65). Indeed, by
improving insulin resistance, TNF-o. blockers induce the uptake
of glucose in muscle and fat cells and its conversion to glycogen
and triglycerides (66).



However, it is relevant to highlight that most of the reported
changes are transient or fluctuating and potentially biased by the
presence of confounding factors.

Indeed, although the meta-regression analyses did not show
any significant influence of concomitant therapies on the results,
we could not exclude that the relative lack of effect on the middle
and long term may be partially due to the confounding effect of a
concomitant therapy with statins, steroids, and/or methotrexate.
In particular, some studies suggest that a treatment with tradi-
tional DMARDs may induce effects on lipid profile similar to
those reported in our meta-analysis (67-69).

In addition, the inter-relationship between inflammation and
lipid homeostasis could be more complex and not completely
explained by quantitative changes in lipid profile. For instance,
some recent data suggest that TNF-o blocker treatment is able
to induce qualitative changes in lipid composition (70,71). More-
over, a recent study reporting on children with juvenile idiopathic
arthritis suggests that effects of etanercept on lipid levels could be
influenced by other potential age-related determinants. Indeed,
at variance with most of other studies, they reported a significant
reduction in TC, LDLc, and TGs in their study sample (72).

Overall, considering that such a slight quantitative lipid profile
change is unlikely to explain CV risk improvement in rheumatic
patients receiving TNF-o. blockers, some further mechanisms
should be taken into account (1,73,74). Moreover, also the long-
term effect of TNF-a blockers on the levels of TGs should be
considered. Recent studies have shown an independent effect of
triglycerides on the risk of myocardial infarction, ischemic heart
disease, and stroke, particularly in women (75,76).

In line with these differences in the CV risk among male and
female subjects, a stratification of results according to gender
could have been interesting. However, none of the evaluated
studies reported data allowing for this stratification.

Our study has some potential limitations. First, studies includ-
ed in our meta-analysis have different inclusion and exclusion
criteria, and most of the patients included in the analysis were
receiving one or more co-medications.

Since meta-analysis is performed on aggregate data and some
information is missing from each study, the multivariate approach
allowed for the adjustment for some—but not all—potential
confounders. For example, in addition to differences in age and
gender, also the impact of smoking habit on lipid levels should
have been addressed. It is known that smoking habit is associated
with modification in levels of TGs, HDL, and LDL (77). However,
studies reported in the present meta-analysis did not report in-
formation about this covariate and, in turn, did not allow for a
subanalysis.

Thus, although results of meta-regression analyses did not show
any influence of baseline characteristics and/or co-medication on
lipid levels, caution is necessary in overall results interpretation.
Second, consistency of the results among different studies may
be low since lipid values were analyzed in different laboratories.
However, to overcome this potential limitation we assessed the
effect of TNF-ou blockers on lipid profile using the standard-
ized mean difference, which expresses the size of the effect
in each study relative to the variability observed. Finally, pres-
ence of publication bias may affect the validity of our results.
The funnel plots appeared asymmetric for a few of the evaluated
end-points suggesting the presence of publication bias for these
parameters. However, the exclusion of studies affected by bias and
the sensitivity analysis confirmed and refined our results.

In conclusion, these data consistently show that, during a
12-month treatment with TNF-a blockers, a slight but significant
increase in TC occurred without any significant change in LDLc
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and the atherogenic index. Changes in HDLc were significant
only at the short term assessment, whereas TGs levels showed a
progressive increase over time, achieving a significant increase
at the long-term assessment. Whereas results of our meta-analysis
are focused on quantitative changes in TC, HDLc, LDLc, TGs,
and AI further studies specifically assessing qualitative changes
in lipid profile (i.e. pro-inflammatory HDLc, small dense LDLc,
or oxidative LDLc levels) are needed to better evaluate the poten-
tial cardioprotective effects of TNF-o blockers.
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