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Abstract

Objective—To evaluate long term changes in cholesterol levels in early rheumatoid arthritis 

(RA) patients randomized to initiate methotrexate (MTX) monotherapy, methotrexate + etanercept 

(MTX+ETA), or triple therapy (TT) [MTX + sulfasalazine (SSZ) + hydroxychloroquine (HCQ)] 

in the Treatment of Early Aggressive Rheumatoid Arthritis (TEAR) trial.

Methods—Total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), and high-

density lipoprotein cholesterol (HDL-C) levels were analyzed in 416 patients participating in the 

TEAR trial over 102 weeks of follow-up. Associations of cholesterol changes with disease activity 

and drug treatment were evaluated using repeated measures analysis with mixed effect linear 

models to model the within-subject covariance over time.

Results—Mixed effect models controlling for traditional CV risk factors, TEAR treatment, and 

baseline prednisone and statin use demonstrated significant inverse associations of RA disease 

activity with changes in cholesterol over time. Decreases in DAS28, CRP, or ESR were associated 

with increases in HDL-C, LDL-C, and TC in all treatment groups (p values <0.001–0.035). TT 

was strongly associated with higher HDL-C and lower LDL-C and TC/HDL-C ratios (p values 

<0.001) compared to MTX monotherapy and MTX + ETA over two year follow-up.

Conclusion—Decreases in RA disease activity over long term follow-up was associated with 

increases in cholesterol in early RA patients treated with either biologic or non-biologic therapies. 

The use of TT over two year follow-up was associated with higher HDL-C and lower LDL-C and 

TC/HDL-C ratios compared to MTX monotherapy or MTX + ETA combination therapy.
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Patients with rheumatoid arthritis (RA) suffer significantly increased cardiovascular (CV) 

morbidity and mortality when compared to the general population (1–3). Both traditional 

CV risk factors such as dyslipidemia as well as RA disease activity contribute to this 

increased CV risk (4;5).

High levels of systemic inflammation have been associated with the suppression of 

circulating cholesterol levels in disease states such as endotoxemia as well as RA (6). 

Previous studies have suggested that cholesterol levels may increase after RA treatment; 

however, a wide range of cholesterol changes has been reported by different studies with 

different drug treatments, study designs, durations, and patient populations (7–10). Few 

studies have been able to analyze long-term follow up of a large group of early RA patients 

randomized to biologic and non-biologic disease modifying therapies. It remains unclear 

whether serum cholesterol increases over time are related solely to specific drug 

mechanisms, suppression of inflammation, or a combination of these and other patient 

factors.

The Treatment of Early Aggressive Rheumatoid Arthritis (TEAR) trial enrolled 755 patients 

with very early, active RA in which 90% of patients had disease duration less than one year 

and 75% of patients had received no disease modifying anti-rheumatic drug (DMARD) 

therapy prior to study entry. These patients were randomized to methotrexate (MTX) 

monotherapy versus MTX combination therapy with etanercept (MTX+ETA) or triple 

therapy (TT) including MTX, sulfasalazine (SSZ), and hydroxychloroquine (HCQ) and 

followed for two years (11).

We previously reported that marked increases in total, low-density lipoprotein (LDL), and 

high density lipoprotein (HDL) cholesterol occurred after 6 months of treatment in the 

TEAR trial (12). We now describe the cholesterol changes over two years of follow-up with 

specific evaluation of relationships to disease activity, systemic inflammation, and the 

treatments received.

Patients and Methods

Study Design

The TEAR trial was a two year randomized clinical trial of 755 early RA patients with 

minimal prior DMARD use who were initially randomized to MTX monotherapy, MTX 

combination therapy with ETA, or TT(11). After 6 months, participants receiving MTX 

monotherapy who did not achieve low disease activity (DAS28(ESR) < 3.2) were “stepped 

up” to either MTX + ETA combination therapy or TT as determined by a baseline 

randomization algorithm. All treatment arms included matching placebos. No further 

changes in treatment assignment were allowed after 24 weeks of the study.
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All patients met the 1987 American College of Rheumatology (ACR) criteria for RA and 

were autoantibody (rheumatoid factor or anti-citrullinated protein antibody) positive or had 

evidence of erosive disease on baseline radiographs of the hands and feet. Low dose 

prednisone (≤ 10 mg/day) was allowed, but had to be stable for at least 2 weeks prior to 

screening. Full results of the clinical trial have been previously published (11). Patients 

provided consent for participation in the TEAR trial and separately, for the biorepository 

study. Characteristics of the participants electing to participate in the TEAR study 

biorepository were similar to those in the main TEAR trial(12)(11) (data not shown).

Laboratory Testing

Non-fasting serum samples from a total of 416 patients participating in the TEAR 

biorepository study who had long term biorepository samples and data available through 48 

weeks were used to measure total cholesterol (TC), HDL-C, LDL-C, and triglycerides (TG) 

at 0, 24, 48, and 102 weeks using a Beckman-Coulter with AU400 automated chemistry and 

Beckman-Coulter reagents (Brea, CA, USA). The coefficients of variation for TC and HDL-

C were 2.5% and 1% within run and between run (day-to-day) 3.5% and 2.9% as previously 

reported (12). LDL-C was calculated according to the Friedwald formula(13) and samples in 

which TG were > 400 mg/dL were excluded. The Clinical and Epidemiological Research 

Laboratory at Children’s Hospital in Boston measured C-reactive protein (CRP) levels in 

mg/L 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). Erythrocyte sedimentation rates (ESR), 28 tender and swollen joint 

counts, and patient/physician global assessments were assessed locally at each site and the 

disease activity scores using a 28 joint count (DAS28(ESR)) calculated.

Statistical analysis

The subgroup of 416 patients participating in the biorepository study who had long term 

biorepository samples and data available through 48 weeks of the study were included in the 

analyses. Baseline clinical characteristics between treatment groups were compared using 

one-way ANOVA for continuous variables and Chi-Square test for categorical variables. 

Paired t test was used to evaluate changes in cholesterol between two different time points 

within each treatment group. Mean cholesterol changes in tertiles of change in DAS28, 

CRP, and ESR were compared by linear trend analysis. Specifically, orthogonal polynomial 

contrasts were created and linear trend was tested when fitting a generalized linear model. 

To determine the relative contribution of RA treatments, RA disease activity/systemic 

inflammation, and other patient characteristics to changes in cholesterol over time, repeated 

measures analysis with linear mixed effect models (14) was used to model the within-subject 

covariance over time. Measures of disease activity/inflammation and cholesterol at four time 

points were included in the models as fixed effects and separate models were constructed for 

each cholesterol outcome (TC, LDL-C, or HDL-C) and each measure of disease activity/

inflammation (ESR, CRP, or DAS28). Other fixed-effect patient covariates included 

treatment assignment at each time point, age, sex, race, RA disease duration, baseline body 

mass index (BMI), smoking status, statin use, prednisone use, diabetes, and presence of 

cardiovascular disease. All statistical testing was two-sided with 0.05 alpha level threshold 
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for declaring significance. Statistical analyses were carried out using SAS version 9.3 (SAS 

Institute Inc. 2012).

RESULTS

Demographic, Laboratory, and Clinical Characteristics

The baseline clinical characteristics of the TEAR patients participating in the bio-repository 

subsstudy included in the analyses are shown in Table 1. The population studied was very 

similar in demographics to the main TEAR trial population (n=755) and to the total substudy 

population with data and serum samples available for the 24 week cholesterol analysis (n= 

459) (12)(11). Patients were categorized by their final treatment assignment at 48 weeks, 

after any change in therapy at 24 weeks (Table 1). Patients receiving MTX monotherapy 

were slightly younger than patients receiving MTX + ETA, however, no significant 

differences were observed in important demographic and clinical variables including sex, 

race, body mass index (BMI), and smoking status. Over 86% of patients in each group were 

rheumatoid factor positive with the mean disease duration less than six months in all groups. 

Patients had very active arthritis at baseline with mean DAS28 scores in all treatment groups 

above 5.4. The baseline presence of co-morbidities including diabetes and known 

cardiovascular disease was similar across groups as was the use of prednisone and statins. 

No differences in baseline TC, LDL-C, HDL-C, and TC/HDL-C ratios were observed.

Changes in Cholesterol Levels over Two Years of Follow-up

Marked increases in TC, LDL-C, and HDL-C occurred after 24 weeks of the study treatment 

as reported in initial work (Figure 1) (12). Compared to baseline, cholesterol levels were 

elevated at 24 weeks, but decreased significantly thereafter compared to the 24 week values 

in almost all treatment groups (Figure 1). Specifically, by the end of the 2 year follow-up 

(102 week time point), statistically significant decreases in TC, LDL-C, and HDL-C from 24 

weeks (p<0.05 for 24 vs. 102 week comparison) were noted in all treatment groups except 

for the MTX monotherapy group which showed a similar, but non-significant trend.

Association of Long Term Cholesterol Changes with RA Disease Activity and Systemic 
Inflammation

Our previous work showed an association of changes in CRP with short term cholesterol 

changes after 6 months of therapy (12). In the current work, similar associations were 

observed with all three measures of RA disease activity/inflammation over two year follow-

up. Patients with the largest long term decreases in DAS28, CRP, or ESR (i.e. the greatest 

negative change) also had the largest increases, (i.e. greatest positive change), in TC, LDL-

C, or HDL-C. Figure 2 shows mean changes in cholesterol in the three tertiles of change in 

DAS28/CRP/ESR at 48 weeks of follow-up. Increases in TC, LDL-C, and HDL-C were 

highest in tertile 1 which represents the largest mean decrease (negative change) in 

inflammation over the time period. Sequentially smaller cholesterol changes were noted in 

tertiles 2 and 3 which reflect sequentially smaller changes in inflammation/RA disease 

activity (Figure 2). Linear trend analysis confirmed statistically significant trends for all 

analyses using CRP and ESR at both 48 as well as 102 week time points (exception of LDL-

Charles-Schoeman et al. Page 4

Arthritis Rheumatol. Author manuscript; available in PMC 2016 March 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



C analyses at 102 weeks (p value =0.17 for ESR, p= 0.28 for CRP)). Similar trends were 

also noted with DAS28 (Figure 2) but did not reach statistical significance.

Association of Long Term Cholesterol Changes with Treatment Group

Short term changes in cholesterol at 24 weeks were not significantly different between the 

treatment groups as previously reported (12). However, after 24 weeks, patients receiving 

TT had larger decreases in TC and LDL-C compared to non-TT groups. Specifically, 

patients in the “step-up” TT group had larger decreases in TC and LDL-C from 24 to 48 

weeks compared to MTX, MTX+ ETA, and “step-up” MTX +ETA groups (all comparison p 

values <0.05 except for the MTX/”step up” TT LDL-C comparison (p=0.07)). These larger 

decreases in TC and LDL-C after 24 weeks resulted in lower overall increases from baseline 

to 48 weeks in TC and LDL-C in the TT groups, which were statistically significant in the 

“step-up” TT group (Figure 3). Trends for larger decreases in LDL-C and TC in the TT 

groups over 102 weeks of follow-up were also noted, although were not as marked as the 48 

week changes. Interestingly, at both 48 and 102 weeks, patients in the “step-up” TT group 

no longer had significant increases in mean LDL-C values from baseline. The mean LDL-C 

change (±SD) from baseline to 48 wks in the “step-up” TT group was 8 ± 43 mg/dL (p=0.20 

for comparison 48 wks to baseline), and 2 ± 35 mg/dL, (p=0.67 for comparison 102 wks to 

baseline). Significant increases in both TC and HDL-C from baseline to 48 and 102 weeks 

were still noted in all treatment groups including the TT group.

Determinants of Long Term Cholesterol Changes in the TEAR Cohort

In order to determine the relative contribution of RA disease activity, RA treatments, and 

other patient characteristics over time to changes in cholesterol in the TEAR cohort, 

repeated measures analyses with mixed effect linear models were performed. These models 

included patient characteristics as well as disease activity and treatment data from four time 

points over two years of follow-up.

In all models tested (Table 2 + supplementary data), measures of RA disease activity were 

consistently associated with changes in TC, LDL-C, and HDL-C. Specifically, decreases in 

DAS28, CRP, or ESR over time were significantly associated with increases in TC, LDL-C, 

and HDL-C after controlling for treatment group, age, sex, race, disease duration, baseline 

body mass index (BMI), smoking status, statin use, prednisone use, diabetes, and presence 

of cardiovascular disease. The use of triple therapy was associated with lower LDL-C levels 

and higher HDL-C levels over time compared to use of MTX or MTX +ETA combination 

therapy in all models (p values <0.05 for all models with the exception of p= 0.08 and 

p=0.09 for the comparison of TT with MTX monotherapy in the ESR and DAS28 LDL-C 

models respectively). Triple therapy was strongly and consistently associated with 

improvements (decreases) in the TC/HDL-C ratios in all models (all p values <0.001 

compared to other therapies).

Table 2 shows results from the mixed effect linear models for TC, LDL-C, and HDL-C 

using CRP as the disease activity covariate. Similar results were found with substitution of 

either ESR or DAS28 for CRP in this model (supplementary tables 1 and 2). Decreases in 

CRP over time were associated with significant increases in TC, LDL-C, and HDL-C. Use 
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of triple therapy over time was associated with lower LDL-C levels by 8.1 mg/dL compared 

to use of MTX + ETA therapy and lower LDL-C levels by 7.3 mg/dL compared to MTX 

monotherapy. TT was also associated with significantly higher HDL-C levels over time by 

4.6 mg/dL compared to MTX + ETA therapy and by 4.2 mg/dL compared to MTX 

monotherapy. Strong associations for lower TC/HDL-C ratios with TT were noted compared 

to other therapies (p values <0.0001).

Several patient characteristics were also associated with cholesterol changes over time in the 

mixed linear effect models (Table 2/supplementary data). Older age was associated with 

higher TC, HDL-C, and LDL-C over time in all models. Age was not associated with 

significant changes in TC/HDL-C ratio. Higher BMI and smoking were both associated with 

higher TC, LDL-C, and TC/HDL-C ratios and lower HDL-C in all models (all p values 

<0.05; p =0.05 for associations of smoking with TC in CRP and DAS28 models). Female 

sex was associated with both higher TC and HDL-C levels over time but lower TC/HDL-C 

ratios in all models. Caucasian race/ethnicity was associated with higher TC compared to 

African American (AA) race/ethnicity or “other” race/ethnicity in all models (all p values 

<0.05 except for comparison of Caucasian with AA in ESR model (p=0.08)). Caucasian and 

AA races were also associated with higher HDL-C levels compared to the “other” (non-

Caucasian/AA) race category although the numbers of patients in the AA and “other” 

category were relatively small. No effect of disease duration was noted on cholesterol levels 

in any of the models.

Baseline prednisone use was associated with significantly higher TC and HDL-C levels over 

time. Statin use was examined in detail with specific evaluation of potential interactions 

with CVD and diabetes given the known guidelines for use of statins in these high risk 

populations. As expected, patients with or without CVD on statins had significantly lower 

TC and LDL-C levels over time compared to patients not on statin therapy (Table 2). 

Interestingly, patients with known CVD on statins had significantly lower TC and LDL-C 

compared to patients without CVD on statins. These data suggest more intensive statin 

therapy in the CVD group as recommended by standard guidelines. No differences in 

cholesterol levels over time were noted between patients not on statins with or without 

CVD. Patients with diabetes on statins also had significantly lower TC and LDL-C levels 

over time compared to diabetic patients not on statin therapy (Table 2).

DISCUSSION

The current study is the first randomized, long term placebo-controlled trial to describe 

changes in cholesterol in a large, early RA population randomized to both biologic therapy 

with etanercept and non-biologic therapies including triple therapy. Decreases in RA disease 

activity were consistently associated with increases in cholesterol (TC, LDL-C, and HDL-C) 

over time in all analyses using DAS28, ESR, or CRP as the measure of RA disease activity. 

Triple therapy was also strongly associated with decreases in the TC/HDL-C ratio over two 

year follow-up compared to other therapies after controlling for RA disease activity/

inflammation. A main strength of the current study is the robust repeated measures analyses 

which incorporated data from 4 different time points over 2 years of follow-up including 

both RA treatments as well as measures of RA disease activity.
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Smaller RA studies have previously suggested a potential association between changes in 

RA disease activity/systemic inflammation and changes in serum cholesterol (15;16). Boers 

et al. reported in the COBRA trial that changes in TC were best predicted by changes in 

ESR with treatment (15). Most of the larger studies to date on lipid changes in RA patients 

have been observational in nature and none of the large randomized controlled trials other 

than TEAR have included both a biologic DMARD therapy as well as non-biologic 

therapies including hydroxychloroquine. It has been hypothesized that agents which are 

more effective in suppressing inflammation may have greater effects on cholesterol levels, 

particularly during the early phases of therapy when the suppression of inflammation is most 

marked (17). The current work supports this hypothesis, showing marked increases in 

cholesterol in the short term, (6 months of treatment), in patients with very active, 

previously untreated RA, which then decreased with time.

The marked increases in cholesterol at 6 months were not maintained for the duration of the 

two year trial. Decreases in lipids occurred after 6 months, particularly by 48 weeks, with 

lesser change thereafter to 102 weeks. This data is interesting in its potential implications for 

the timing of lipid-lowering therapies in these patients, however, it should be noted that this 

was a very early RA population (mean disease duration < 6 months), with no significant 

previous DMARD therapy, predominantly seropositive, and these results may not be 

generalized to all RA patients. A much smaller study of early RA patients treated with 

infliximab by Dahlqvist et al. also reported initial increases in HDL-C and TC which 

decreased over long term follow-up (8). Mean cholesterol levels remained significantly 

elevated at the end of the TEAR study compared to baseline values for all groups with the 

exception of LDL-C levels in the “step-up” TT group. Of note, the current report does not 

describe the function of lipoproteins which may be of significant relevance to CV risk in RA 

patients beyond cholesterol levels (18;19).

In a recent systemic review and meta-analysis, Souto et al. reported that moderate changes 

in lipids were observed in patients treated with tocilizumab or tofacitinib but not with TNF 

antagonists (20). This work included 25 randomized controlled trials, however, did not 

specifically select patients with early RA. One might hypothesize that the marked 

cholesterol increases with TNF inhibition, (as well as non-biologic DMARD therapy), in the 

very early TEAR population, (less than 6 months of disease/no prior DMARD therapy), 

represents the course of treating a more “acute” RA inflammatory response rather than a 

“chronic” RA inflammatory response in patients of longer disease duration and DMARD 

exposure. Further increases in lipids were not observed in the “step-up” TEAR treatment 

groups who changed therapy due to persistent disease activity, (DAS28 ≥3.2), after 24 

weeks of DMARD therapy, perhaps in part related to the same mechanisms. Hudgins et al. 

described marked changes in cholesterol and phospholipid levels in healthy volunteers 

injected with endotoxin to induce an acute inflammatory reaction which then normalized 

with resolution of the inflammation (6).

A favorable effect of triple therapy on lipid profiles over 2 years of follow-up was noted in 

the work which was very consistent in all repeated measures models, (CRP, ESR, DAS28). 

Over time, triple therapy was associated with lower LDL-C and TC/HDL-C ratios as well as 

higher HDL-C compared to MTX monotherapy and MTX combination therapy with 
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etanercept. This data supports previous observational studies which have suggested 

potentially favorable effects of hydroxychloroquine (HCQ) on lipid profiles in RA patients 

(21;22). Morris et al reported that HCQ use (compared to non-use) was associated with an 

average LDL-C decrease of 7.55 mg/dl (p<0.001) in a 706 RA patient cohort extracted from 

electronic medical records. The magnitude of this decrease in LDL-C is similar to the 

magnitude of the difference in LDL-C noted with TT compared to MTX monotherapy or 

MTX + ETA combination therapy (7.3 mg/dL and 8.1 mg/dL respectively) in the current 

work. Trends for increases in HDL-C with HCQ have also been noted in previous 

observational studies but did not reach statistical significance (21;23). Less data is available 

regarding the effects of sulfasalazine therapy on lipid levels (15) although it is possible that 

this therapy may also have influenced the changes noted with TT. In the current work, TT 

was consistently associated with increases in HDL-C over time as well as decreases in the 

TC/HDL-C ratio. The TC/HDL-C ratio has previously been described as potentially the 

most useful predictor of CVD in patients with RA (9).

Further mechanistic studies may be warranted to understand the effects of HCQ/TT on 

cholesterol and lipoprotein metabolism in RA patients. Chloroquine has previously been 

reported to inhibit hepatic cholesterol synthesis in animal studies of isolated rat hepatocytes 

(24), however, data regarding HCQ-specific effects on HDL-C as well as LDL-C 

metabolism is lacking. In addition, whether the long term use of HCQ/TT is associated with 

lower CV risk in RA patients due to these small but significant effects on cholesterol is 

unknown and warrants further investigation.

Several patient characteristics were significantly associated with cholesterol changes over 

long term follow-up in the TEAR cohort. Many of these patient characteristics such as 

smoking, age, sex and BMI showed very similar effects on cholesterol levels as previously 

reported in the general population (25–27). For example, both BMI and smoking use were 

strongly associated with higher TC, LDL-C, and TC/HDL-C ratios, and lower HDL-C levels 

over time. This data parallels work in the Framingham study in which cigarette smoking was 

strongly associated with “atherogenic” lipoprotein cholesterol profiles in young adults, 

particularly women (26). Obesity has also previously been associated with adverse effects 

on cholesterol profiles in non-RA patients (25). This data reinforces the importance of both 

RA specific and non-specific patient factors to the cholesterol changes which occur over 

long term follow-up.

As reported previously, there were few cardiovascular events during the two year TEAR 

trial, with 3 deaths due to cardiac disorders (general [unattended death], coronary heart 

failure, and ventricular septal defect) (11). A CV adjudication process was not used during 

the study. While reliable correlations between changes in lipid levels and CV events could 

not be made for these reasons, further prospective CV outcome studies are warranted. Two 

large, phase 4 clinical trials are currently ongoing to evaluate the effects of lipid changes on 

CV events in RA patients treated with either tocilizumab or tofacitinib as compared to 

etanercept and adalimumab respectively (Clinical Trials.gov NCT01331837, 

NCT02092467).
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There are some limitations to the current work. As discussed above, the study describes a 

very early RA patient population with high disease activity at baseline, primarily 

seropositive, and naïve to prior DMARDs; these results may not be generalized to RA 

patients with more established disease or with lower levels of disease activity. In addition, 

data on prednisone and statin use were only available at the baseline visit for the TEAR 

patients. It is possible that changes in these medications over two year follow-up could have 

affected cholesterol changes in the study. However, it is unlikely that these effects would be 

of significant magnitude to alter the strong and consistent relationships between RA disease 

activity, treatment group, and cholesterol levels described in the multiple models tested. In 

addition, the use of both medications at baseline was associated with the expected 

relationships to total cholesterol (statin-decrease, prednisone-increase) (15). Finally, 

additional medications including non-statin cholesterol-lowering medications and 

supplements which could have affected cholesterol levels were not available for the current 

analyses. The serum samples were also collected in a nonfasting state. While the lack of 

fasting is a potential limitation, there is also data which suggests that fasting time has little 

association with lipid levels (e.g. variation in LDL of only as high as 10%) (28) and that 

fasting lipid assessments are not required for optimum CVD risk stratification (29). Lastly, 

the frequency and intensity of cardiovascular exercise as a potential confounder for lipid 

changes was not assessed in this study.

In summary, while research regarding the increased CV morbidity and mortality in RA 

patients has burgeoned in recent years, a need for better understanding of the effects of 

widely used DMARDs on CV risk factors and CV risk in RA patients remains. The current 

work describes the long-term effects of disease activity, DMARD use, and patient 

characteristics on cholesterol levels in a large clinical trial of early RA patients, 

demonstrating conclusively two major points: 1) suppression of RA-related inflammation is 

associated with increases in cholesterol, which are highest in the early phase of therapy, 

regardless of treatment and 2) use of triple therapy is associated with decreases in the TC/

HDL-C ratio over long term follow-up. The effect of these cholesterol changes on CV 

events in RA patients warrants further study.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Mean ± standard error for LDL, HDL, and total cholesterol levels (mg/dL) in each treatment 

group over two year follow-up in the TEAR trial.
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Figure 2. 
Mean ± standard error for changes in cholesterol levels (mg/dL) in the three tertiles of 

change in DAS28/CRP/ESR at 48 week follow-up. Tertile 1 represents the largest mean 

decrease (negative change) in ESR, CRP, or DAS28 from 0 to 48 weeks followed by tertiles 

2 and 3.
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Figure 3. 
Mean ± standard error for changes in cholesterol from baseline to 48 weeks in each 

treatment group. Asterisks signify greater increases in TC and LDL-C at 48 weeks (p<0.05) 

compared to the “step-up” triple therapy (TT) group (MTX + SSZ/HCQ).
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Table 1

Baseline Characteristics of Patients Receiving MTX + Etanercept, Triple Therapy, or MTX Monotherapy at 

48 weeks.

MTX + ETA
N=245*

Triple Therapy
N=119**

MTX Monotherapy
N=52*** p-value

Age (years) 50.87 ± 12.58 48.66 ± 11.98 45.98 ± 11.70 0.02

BMI 29.87 ± 7.05 30.28 ± 8.83 29.55 ± 5.96 0.82

Female 176(71.84%) 88(73.95%) 35(67.31%) 0.67

RF positive 219(89.39%) 105(88.24%) 45(86.54%) 0.83

Smoking (baseline) 80(32.65%) 35(29.41%) 17(32.69%) 0.81

Disease Duration (mos) 3.30 ± 5.70 5.13 ± 8.35 4.20 ± 7.65 0.05

DAS28 (baseline) 5.82 ± 1.07 5.77 ± 1.04 5.48 ± 1.03 0.11

CRP (baseline) 16.12 ± 25.43 14.18 ± 19.79 10.19 ± 12.79 0.23

TC (baseline) 189.26 ± 47.46 191.29 ± 48.33 188.54 ± 46.13 0.91

HDL-C (baseline) 54.41 ± 14.10 58.22 ± 19.14 54.83 ± 13.79 0.09

LDL-C (baseline) 106.78 ± 37.37 103.89 ± 35.62 104.16 ± 36.64 0.75

TC/HDL (baseline) 3.59 ± 0.90 3.42 ± 0.81 3.56 ± 0.88 0.21

Race/Ethnicity 0.47

 African American 30(12.24%) 9(7.56%) 3(5.77%)

 Caucasian 191(77.96%) 99(83.19%) 45(86.54%)

 Other 24(9.80%) 11(9.24%) 4(7.69%)

Medications

Prednisone Use 105(42.86%) 49(41.18%) 24(46.15%) 0.83

Statin Use 31(12.65%) 11(9.24%) 6(11.54%) 0.63

Comorbidities

Diabetes 25(10.20%) 13(10.92%) 3(5.77%) 0.56

CV Events 14(5.71%) 4(3.36%) 1(1.92%) 0.37

Data shown as mean ± SD, or N (%); p-values are obtained from one-way ANOVA (for continuous variables) or Chi-Square test (for categorical 
variables). BMI= body mass index, RF= rheumatoid factor, DAS28 = disease activity score using a 28 joint count, CRP = C reactive protein, TC= 
total cholesterol, HDL-C = high density lipoprotein cholesterol, LDL-C = low density lipoprotein cholesterol. Patients were classified into 
treatment groups according to therapy at week 48.

*
Of the 245 in the group on MTX + ETA at week 48, 141 were assigned that treatment initially and 104 were stepped up from MTX monotherapy 

to MTX + ETA at 24 weeks.

**
Of the 119 included in the group on TT at week 48, 70 were assigned that treatment initially and 49 were stepped up from MTX monotherapy to 

TT at 24 weeks.

***
205 patients were assigned MTX monotherapy initially, but 104 were stepped up from MTX monotherapy to MTX + ETA at 24 weeks and 

included in that group for this analysis, and 49 were stepped up from MTX monotherapy to TT at 24 weeks and included in that group for this 
analysis, leaving 52 patients in the MTX monotherapy group who did not step up to combination therapy at 24 weeks.
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