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Abstract
Objective—To study changes in lipid profiles at 24 weeks among early rheumatoid arthritis (RA)
patients participating in the Treatment of Early Rheumatoid Arthritis (TEAR) Trial randomized to
initiate methotrexate plus etanercept (MTX+ETA), triple therapy (TT) [MTX plus sulfasalazine
plus hydroxychloroquine] or aggressively-titrated MTX monotherapy.

Methods—The TEAR biorepository study had 459 participating patients. Total cholesterol (TC),
low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C)
were measured in serum plasma at 0 and 24 weeks.

Results—At 24 weeks, there were statistically significant mean increases in cholesterol levels in
the MTX + ETA, TT, and MTX monotherapy arms, the observed increases were 31.4, 28.7 and 30
mg/dL in LDL-C; 19.3, 22.3 and 20.6 mg/dL in HDL-C and 56.8, 53 and 57.3 mg/dL values in TC
(p < 0.001 all compared to baseline). There was a statistically significant decrease in TC/HDL-C
ratio at 24 weeks in all 3 treatment groups from baseline. There was no difference in any lipid
changes between the 3 treatment arms. After multivariable adjustment, change in C-reactive
protein was associated with change in LDL-C (p=0.03), HDL-C (p=0.09), and TC (p=0.01), but
disease activity score in 28-joints was not. Baseline glucocorticoid use was associated with
changes in HDL-C (p=0.03) and TC (p=0.02).

Conclusion—Levels of TC, LDL-C, and HDL-C increased equivalently shortly after initiation
of MTX + ETA, TT and MTX monotherapy among early RA patients with active disease
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participating in a clinical trial. The clinical relevance of short term changes in traditional lipids on
cardiovascular outcomes remains to be determined.
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INTRODUCTION
Rheumatoid arthritis (RA) significantly increases the risk for coronary heart disease (CHD)
and survival is reduced approximately 5–10 years compared to patients without RA (1).
Traditional risk factors such as dyslipidemia are associated with CHD in the general
population, but the role of lipids in CHD in RA patients is not well established.
Inflammation has been considered to be a major contributor to the development of CHD in
RA through multiple mechanisms including endothelial damage (2). RA therapies which
decrease inflammation such as anti-tumor necrosis factor (TNF) agents and methotrexate
(MTX) (3–6) have been proposed to decrease CHD risk in RA, but this relationship is
complex. RA patients prior to treatment tend to have lower levels of total cholesterol (TC),
triglycerides (TG) and low density lipoprotein cholesterol (LDL-C) compared to non-RA
patients (7–9) and even before the onset of clinical manifestations of RA (10). The dual
observations of lower lipid levels but higher rates of cardiac events (1) in RA vs. non-RA
patients have suggested to some that lipid levels and their associated clinical interpretation
of impact on cardiovascular disease (CVD) risk might be different in RA patients compared
to the general population (11) However, this so-called ‘paradoxical’ effect remains yet to be
proved. Moreover, additional work (12) has suggested that the relative contribution of lipids
and conventional risk factors to cardiac events may be smaller in patients with RA compared
to controls.

TNF and other pro-inflammatory cytokines play an important role in elevation of
triglycerides and very low density lipoprotein (VLDL). TNF is a major cytokine that drives
the inflammation seen in RA, and its effect on lipid metabolism, inflammation and
associated atherosclerosis may be an important factor related to mortality from CHD in
patients with RA. There is evidence to support that HDL-C is protective against CHD in the
general population through multiple anti-atherogenic properties, including its cellular
cholesterol efflux capacity, and its anti-oxidative and anti-inflammatory activities (13, 14),
which can be compromised in metabolic diseases associated with accelerated
atherosclerosis. In RA and other inflammatory states, however, the protein cargo in HDL
particles is shifted from an anti-atherogenic and anti-inflammatory profile to a pro-
atherogenic and pro-inflammatory one (14–16, 18). Thus, patients with chronic
inflammation may have ‘dysfunctional’ or proinflammatory HDL-C even while having
normal HDL levels. Changes in the size and composition of LDL-C (15) and HDL-C lipid
particles have also been observed (16).

Whether RA therapies have risk modifying activity with respect to lipid metabolism and
CHD death has not been widely studied. The COBRA trial showed that both in established,
but especially in early RA, effective non-biologic RA treatment was associated with increase
in lipid (e.g. HDL) levels and a more favorable (lower) atherogenic index (TC/HDL-C ratio)
(17). Other data that examined the association between changes in lipids associated with
biologic therapies has been summarized in a systematic literature review (18) and found that
lipids seemed to increase after initiating anti-TNF therapy. Recently, data from a clinical
trial on golimumab showed larger increase in TC, LDL-C and HDL-C in the golimumab
group compared to the MTX monotherapy group (19). However, most of the data available
was from small, observational and uncontrolled studies. The Treatment of Early Rheumatoid
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Arthritis (TEAR) Trial (20) provided the opportunity to examine the effect of MTX
monotherapy, in a head-to-head comparison to two combination therapy regimens, on lipid
levels in patients with untreated early RA.

Using data from this large, randomized, investigator initiated clinical trial of early RA
patients, we investigated whether treatment with 3 different regimens (MTX + sulfasalazine
[SSZ] + hydroxycloroquine [HCQ], also known as “triple therapy” (TT), MTX + ETA and
MTX monotherapy) affected lipid levels similarly at the end of 24 weeks among participants
in the TEAR Trial (20). We also evaluated factors associated with changes in lipids, with a
particular focus on RA disease activity and inflammation.

METHODS
Study cohort and treatments

This study utilized data and serum samples from the TEAR Trial (20). All patients fulfilled
the American College of Rheumatology (ACR) 1987 revised criteria for RA. The TEAR
Trial was a 2-year investigator initiated, randomized, 4-arm, placebo-controlled trial of 755
disease-modifying anti-rheumatic drugs (DMARDs)-naïve early RA patients. Participants in
this study were randomized to 4 different treatment groups: two arms included aggressively-
titrated to 20 mg/week of MTX monotherapy with “step-up” to MTX + etanercept (ETA) 50
mg weekly or to triple therapy at 6 months for patients who did not achieve low disease
activity in 28 joints (DAS28(ESR) < 3.2 at 6 months); MTX+ETA initiated at baseline; and
triple therapy (TT) [MTX (titrated to 20 mg/week) + SSZ at 500 mg twice a day, and if
tolerated, escalated to 1000 mg twice a day + HCQ 200 mg twice a day] initiated at baseline.
Details of the TEAR Trial have been reported previously (20). In this analysis, we examined
only the first 24 weeks, so two of the treatment arms (the two step-up arms) were considered
as a single MTX-monotherapy group.

Measurement of laboratory and clinical data
Total Cholesterol, TG, LDL-C and HDL-C levels were measured in study participants at 0
and 24 weeks. As samples were measured non-fasting, LDL was calculated according to the
Friedewald formula as follows: LDL-C = total cholesterol − HDL-cholesterol − TG/5 (21).
Samples were assayed separately in two laboratories [University of Alabama at Birmingham
(UAB) and University of California at Los Angeles (UCLA)]. Results were similar, and the
results from the UCLA lab were used for this analysis. Samples with TG levels > 400 mg/dL
were excluded. Serum cholesterol, HDL-C and triglycerides were measured by a Beckman-
Coulter (previously Olympus Corporation) AU400 automated chemistry analyzer using
Beckman-Coulter reagents (Brea, CA, USA). The analyzer was maintained and operated
according to the manufacturers User’s Guide. The coefficients of variation for TC and HDL-
C were 2.5% and 1% within run, and 3.5% and 2.9% between run (day-to-day) (22). C-
reactive protein (CRP) was analyzed by Clinical and Epidemiological Research Laboratory
at Children’s Hospital in Boston using a high-sensitivity immunoturbidimetric assay on a
Hitachi 917 autoanalyzer (Roche Diagnostics, Indianapolis, IN), with the use of reagents and
calibrators from Denka Seiken (Tokyo, Japan).

All other clinical data (e.g. tender and swollen joint counts, patient and physical global,
comorbidities, concomitant medications) were obtained from the TEAR trial data at baseline
and week 24.

Statistical analyses
The distribution of variables was tested for normality. Data were presented as mean ± SD
(changes from baseline), or percentages, and p-values < 0.05 were considered significant.
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Changes in LDL-C, HDL-C and TC, and the TC/HDL-C ratio were determined from
baseline to 24 weeks for each treatment group. The data for each treatment arm were also
analyzed vis a vis changes in DAS28(ESR) and CRP from baseline to week 24. Lipid
changes also were stratified based on DAS28(ESR) score < 3.2 or >3.2) at 24 weeks for
each treatment arm to determine if there was any significant change in lipid profile based on
the category of disease activity. The proportions of patients that shifted their LDL-C level to
higher or lower categories at 24 weeks were evaluated. A bivariate and multivariate analysis
using linear regression was used to determine the changes in LDL-C, HDL-C and TC at 24
weeks after controlling for age, body mass index (BMI), diabetes (DM), CVD [defined as
any of the following: history of acute myocardial infarction, cerebrovascular accident,
unstable angina, angioplasty or stent placement, congestive heart failure and coronary artery
bypass graft (CABG)], respiratory disease (e.g. chronic obstructive pulmonary disease,
asthma), LDL-C at baseline, DAS28(ESR) change between baseline and week 24, CRP and
statin and steroid use at baseline or any time within the first 24 weeks.

RESULTS
Patient characteristics

A total of 459 patients (61% of the population from the main TEAR Trial population) with
valid data and available serum samples were included in the analysis (Table 1).
Characteristics of the participants electing to participate in the bio-repository study of TEAR
were similar to those in the main TEAR Trial (data not shown). Patients in the TEAR Trial
were essentially DMARDs naïve, including biologics. Approximately 40% of the
participants in each treatment group were using prednisone at the time of enrollment.
Participants had a very short RA disease duration (mean 3.8 ± 1.1 months), 80% were
Caucasian, and had a mean DAS28(ESR) at baseline of 5.8 ± 1.1. There were no significant
baseline differences between treatment groups.

Changes in lipid levels
At 24 weeks, there were statistically significant mean increases in TC (56.8, 53.0, and 57.3
mg/dL), HDL-C (19.3, 22.3 and 20.6 mg/dL) and LDL-C (31.4, 28.7 and 30.0 mg/dL) for
the MTX + ETA, TT and MTX monotherapy groups respectively (Figure 1) compared to
baseline (p < 0.001 for all), but there were no significant baseline differences between
treatment arms. Despite the increase observed in TC, LDL-C and HDL-C, there was a
statistically significant mean decrease compared to baseline in the TC/HDL-C ratio (23) at
24 weeks of −0.1 for MTX + ETA (p = 0.012 compared to baseline) and of −0.3 and −0.2
for the TT and MTX monotherapy groups respectively (p < 0.001 for each compared to
baseline). When the ETA and TT groups were compared to MTX monotherapy, there was
no statistically significant difference between the groups in the change in TC/HDL-C ratio.
Changes in lipids were not statistically significant within each treatment group comparing
those with DAS28(ESR) <3.2 and those with DAS28(ESR) >3.2 at 24 weeks (data not
shown).

Comparing MTX + ETA to MTX monotherapy patients, there were similar proportions of
patients who shifted their LDL-C at week 24 into a higher category (Figure 2a and 2b). Most
patients shifted to a higher LDL-C category. Results were similar for the TT treatment arm.

CRP and BMI were significantly and negatively associated with the LDL-C and TC at 24
weeks after multivariable adjustment (Table 2). Changes in DAS28(ESR) were associated
with LDL-C and TC in bivariate analyses; however, after controlling for multiple factors
using multivariable adjustment, these associations no longer remained significant.
Prednisone use was positively associated with the changes in HDL-C and TC. As indicated
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by the R2 values, the factors examined in the MV analysis explained 12 – 49% of the
variability in the change in LDL-C, HDL-C, TC, and TC/HDL-C ratio.

DISCUSSION
Among early RA patients participating in the TEAR Trial with biospecimens available, we
found a robust increase in TC, LDL-C and HDL-C after treatment for 6 months with MTX +
ETA, MTX + sulfasalazine + hydroxychloroquine combination, or MTX monotherapy with
similar magnitude of change observed for each of these lipoproteins between the 3 TEAR
treatment arms. Despite the increase in TC, LDL-C and HDL-C, the TC/HDL-C ratio (i.e.
atherogenic index) decreased slightly in all treatment arms. Results from the Framingham
Study have shown that the TC/HDL-C ratio was a better predictor of CHD risk than was
LDL or TC (24). Importantly, our study also demonstrated that the magnitude of the changes
in lipids were similar with aggressive titration of methotrexate monotherapy, as governed by
the TEAR protocol, compared to treatment with triple therapy or MTX + ETA.

This study is among the few reports of lipid changes related to blinded, randomized use of
single and combination RA medications among patients with untreated, very early RA and
active disease. Moreover, lipid changes were able to be directly compared between both
biologic and non-biologic RA treatment regimens (e.g. triple therapy, MTX monotherapy,
and MTX + ETA) in the same study from a randomized clinical trial. This design provides
for a more direct comparison of therapies in a homogeneous group of patients under
controlled conditions.

We observed that changes in LDL-C and TC correlated negatively with CRP changes even
after multivariate adjustment for potentially confounding factors. The association with HDL-
C was of borderline significance (p=0.09) but trended in the same direction. Although there
was a negative association between changes in DAS28(ESR) after 6 months of therapy and
changes in LDL-C and TC, this observation did not persist after multivariate adjustment for
CRP and other factors. Similar to our study, Seriolo et al (25) demonstrated in a small
prospective study of 34 women that changes in lipids did not correlate with disease activity
level after 16 weeks of treatment, although it did after 24 weeks. On the other hand, and
similar to our study, 4 months of etanercept treatment for patients enrolled in the Etanercept
Treatment in Rheumatoid Arthritis (ETRA) study (26) was associated with elevations in TC,
and LDL-C, although the magnitude of changes was much lower in the ETRA study. In that
same study, the changes in TC were also stratified by changes in CRP, ESR and
DAS28(ESR) over time, and a negative association between these clinical and laboratory
response variables and TC and HDL-C levels was found. Although our results are generally
consistent with ETRA, key differences between the design of TEAR and ETRA may
account for some dissimilarity in the magnitude of some associations observed in the two
studies. ETRA was an observational cohort study of patients with established RA and
median disease duration of 8 years with high disease activity (median DAS28(ESR) of
5.21); 31% were previously treated with anti-TNF medication, and concomitant treatment
with MTX or prednisone occurred for 76% and 29% of patients, respectively. Our results are
also compatible with the COBRA trial which found increases in lipid levels but decreases in
the atherogenic index after starting aggressive non-biologic DMARDs treatment (17). We
also found that glucocorticoid use (at baseline, allowed to be continued but not provided as
part of the TEAR treatment protocol) was independently associated with changes in HDL-C
and TC. This is consistent with prior observations that glucocorticoids increases lipid levels
(27) and the COBRA trial that found greater increases in lipids in the treatment arm that
included glucocorticoid use (17).
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Another important factor to consider in terms of disease duration and its effect on lipids
relate to multiple observations suggesting that RA itself may impact lipid levels.
Myasoedova and colleagues (10) observed that patients who developed RA had lower levels
of TC and LDL-C in the preclinical state than matched controls who did not develop RA. In
a large observational study of commercially insured patients, lipid levels were found to
significantly differ between RA and OA patients even after controlling for multiple
confounding factors (28). Consistent with these findings, it is possible that the elevation in
lipids shortly after treatment in our study could reflect a ‘normalization’ of lipid levels back
to their pre-disease values.

RA therapies other than those examined in our study such as the novel IL-6 receptor
monoclonal antibody tocilizumab (29–33), have been shown to be associated with elevation
in serum lipid levels. In clinical trials, tocilizumab with MTX caused a significant mean
increase of LDL and HDL of 20 mg/dL and 5 mg/dL, respectively at 24 weeks (34). This
evidence, coupled with our data showing that both non-biologic and etanercept treatment
increased lipids, suggests that the increase in lipids observed in patients with RA after
initiation of treatment may not be wholly due to a direct effect of any particular RA
medication or drug class on lipids but due to a decrease in inflammation and/or response to
treatment.

A synthesis of the lipid changes in patients with RA following anti-TNF treatment was
published in a systematic review (18). Although some studies demonstrated isolated
increases in triglycerides, most studies reported modest increases in lipid levels. The data
from these observational studies might be difficult to interpret since some of the studies
included patients with rheumatic diseases other than RA; some studies had small sample
sizes, and the proportion of RA patients with high disease activity was low (18). All of this
might explain the modest discrepancies in magnitude of the difference in the results between
most of these studies compared to the findings in TEAR. Nevertheless, the majority of the
studies summarized in that review suggested that there was an overall increase in lipids in
patients with RA that were treated with anti-TNF agents. In a more recent systematic review
of lipid profiles changes with anti-TNF medications use in RA patients (35), a significant
increase in TC, HDL-C and triglycerides was observed (mean increase of 10.4 mg/dL for
HDL and TC and 10.8 for triglycerides), while LDL-C and TC/HDL-C ratio remained
unchanged.

The clinical importance of dyslipidemia with respect to CHD events or death in RA is
unclear. Even though there is observational data that suggests that there is no significant
difference between RA and non-RA subjects in the risk imparted by hyperlipidemia (12), it
could be possible that non-traditional CHD risk factors, or other lipid parameters besides
those found in cholesterol profiles, explain a greater proportion of CHD risk than in non-RA
patients (36). For example, it has been proposed that the non-fasting apoB/apoA-I ratio was
superior to any of the cholesterol ratios for estimation of the risk of acute myocardial
infarction (37). Some have suggested that the elevation in lipids after RA therapy might be
offset by a reduction of more atherogenic molecules (26) such as apoB and apoA-I. These
were not able to be measured in this analysis, nor were other molecules suggested to have a
significant predictive value in CHD outcomes in RA (e.g. apoC-III, oxidized LDL). As with
most clinical trials, there were few ischemic events in TEAR trial participants, and the
changes in lipids observed could not be correlated to clinical events such as myocardial
infarction or stroke. Additionally, comorbidities (e.g. prior CHD, lung disease) measured in
TEAR were characterized with limited precision. As another potential limitation of this
analysis, lipid samples in TEAR were collected non-fasting. However, a recent study
showed that fasting time had little association with lipids (e.g. variation in LDL of only up
to 10%) and suggested that fasting for routine lipid levels may be largely unnecessary (38).
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Whether colleting lipid levels in fasting conditions is optimal or not remains controversial,
but some data suggests that non-fasting lipid assessment may be more useful to optimize
CVD risk stratification (39).

Conclusions
The implications of elevation in lipids in terms of CHD outcomes and as a result of
aggressive DMARDs and anti-TNF therapy require further investigation. Nevertheless,
changes in lipids associated with initiation of effective RA treatments (including MTX
monotherapy) appear to be less related to the specific type of RA therapy and more related
to a decrease in inflammation. This blinded clinical trial may provide a higher level of
evidence to support this assertion for early RA patients with high levels of disease activity.
Physicians should be cognizant of optimizing cardiovascular risk factors such as lipoproteins
in RA patients, particularly in relation to the initiation of RA medications. Further work to
understand longer-term changes in lipid levels, to evaluate novel CV biomarkers, and to
better characterize important aspects of lipid metabolism (e.g. particle size, oxidation), and
the clinical significance of these factors, is warranted.
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Figure 1.
Changes in mean LDL-C, HDL-C and TC from baseline to 24 weeksamong patients
randomized to MTX + ETA, Triple Therapy or MTX monotherapy. All p values compared
results at 24 weeks to baseline were p < 0.0001. There were no significant differences
between the 3 treatment arms for any of the 3 different lipoproteins. HDL-C = high density
lipoprotein cholesterol; LDL-C = low density lipoprotein cholesterol; TC = Total
cholesterol; MTX = methotrexate; ETA = etanercept; Triple = methotrexate +
hydroxychloroquine + Sulfasalazine.

Navarro-Millán et al. Page 10

Arthritis Rheum. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Shift in LDL-C category at 24 weeks compared to baseline among Methotrexate +
etanercept patients and methotrexate monotherapy patients. A. Methotrexate and etanercept.
B. Methotrexate monotherapy. LDL-C = low density lipoprotein cholesterol
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Table 1

Baseline Characteristics of Patients Randomized to MTX + Etanercept, Triple Therapy, or MTX Monotherapy

MTX + ETA N=155 Triple Therapy N=78 MTX Monotherapy N=226

Demographics and RA related variables

Age (years) 50.8 ± 13.2 47.6 ± 12.4 49.0 ± 12.2

BMI 29.0 ± 6.9 29.6 ± 8.6 30.2 ± 7.0

Female 73.6% 76.9% 70.8%

RF+ 88.4% 92.3% 87.6%

Smoking (current) 34.8% 30.8% 33.6%

Disease Duration (months) 3.5 ± 6.6 5.1 ± 8.5 3.6 ± 6.3

DAS28(ESR) 5.7 ± 1.1 5.8 ± 1.1 5.8 ± 1.1

CRP (mg/dL) 1.6 ± 2.7 1.5 ± 2.4 1.6 ± 2.0

Race

 African American 10.3% 7.7% 10.2%

 Caucasian 80.0% 76.9% 82.7%

 Other 9.7% 15.4% 7.1%

Medications

Any oral glucocorticoid use 43.9% 47.4% 42.0%

Statins 15.5% 10.3% 11.5%

Comorbidities

Diabetes 79.4% 87.2% 81.4%

Cardiovascular disease* 29.7% 24.4% 27.4%

Respiratory disease** 23.2% 16.7% 16.4%

Lipid levels at baseline

Total Cholesterol, mg/dL 189.3 ± 44.7 183.3 ± 44.9 189.4 ± 48.2

LDL-C, mg/dL 107.0 ± 35.1 96.1 ± 31.2 107.1 ± 38.0

HDL-C, mg/dL 56.2 ± 14.7 57.9 ± 19.8 54.4 ± 14.8

Ratio between Total Cholesterol and HDL-C 3.5 ± 0.9 3.3 ± 0.8 3.6 ± 0.9

Data shown as mean ± SD, or n (%); HDL-C = high density lipoprotein cholesterol; LDL-C = low density lipoprotein cholesterol; CRP = C-
reactive protein; DAS28 = disease activi9ty score in 28 joints; ESR = erythrocyte sedimentation rate. MTX = methotrexate; ETA = etanercept.

*
includes history of myocardial infarction, heart failure, unstable angina, angioplasty, stent placement, coronary bypass graft angioplasty and

stroke.

**
includes asthma, chronic obstructive pulmonary disease and other chronic pulmonary disorders.
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