z
ORIGINAL RESEARCH L1
/ American ~ American

Heart | Stroke

Association | Association.

The Association Between Reduction in Inflammation and Changes in
Lipoprotein Levels and HDL Cholesterol Efflux Capacity in
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Background—Potent anti-inflammatory rheumatoid arthritis (RA) treatments are associated with reduced cardiovascular risk as
well as increases in low-density lipoprotein (LDL) cholesterol. This apparent paradox may be explained by favorable changes in
other lipid measurements. The objective of this study was to determine the longitudinal association between changes in
inflammation with advanced lipoprotein measurements and high-density lipoprotein (HDL) cholesterol efflux capacity.

Methods and Results—We conducted this study in a longitudinal RA cohort from a large academic center, including subjects with
high-sensitivity C-reactive protein (hs-CRP) reduction >10 mg/L at 2 time points 1 year apart. Subjects receiving statins during the
study period or preceding 6 months were excluded. We compared total cholesterol, LDL cholesterol, HDL cholesterol,
apolipoprotein B, and apolipoprotein A1 levels and HDL cholesterol efflux capacity at baseline and 1-year follow-up by using the
paired t test. We also assessed the correlations between reductions in hs-CRP with percentage change in lipid parameters. We
studied 90 RA subjects (mean age 57 years, 89% female), all of whom were receiving disease-modifying antirheumatic drugs. We
observed a 7.2% increase in LDL cholesterol levels (P=0.02) and improvement in efflux capacity by 5.7% (P=0.002) between
baseline and follow-up, with a median hs-CRP reduction of 23.5 mg/L. We observed significant correlations between reductions in
hs-CRP with increases in apolipoprotein A1 (=0.27, P=0.01) and HDL cholesterol efflux capacity (~—=0.24, P=0.02).

Conclusion—Among RA subjects experiencing reductions in hs-CRP, we observed increased LDL cholesterol levels and
concomitant improvements in HDL cholesterol efflux capacity. These findings provide further insight into lipid modulation and the
beneficial effect of reduction in inflammation on lipids in vivo. (/ Am Heart Assoc. 2015;4:e001588 doi: 10.1161/
JAHA.114.001588)
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heumatoid arthritis (RA) patients are at a 2-fold risk for

cardiovascular (CV) disease compared with the general
population.? This elevated risk is largely attributed to inflam-
mation rather than to an increased prevalence of traditional
CV risk factors such as hyperlipidemia. In fact, RA patients
have lower total cholesterol (TC) and low-density lipoprotein
cholesterol (LDL-C) levels than those in the general popula-
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tion.3¢ In RA, lower levels of TC and LDL-C were found to be
associated with higher CV risk, termed the “lipid paradox.””"®
Large observational studies of the relationship between lipids
and CV risk have also yielded seemingly paradoxical results.
Tumor necrosis factor inhibitor (TNFi) therapy was associated
with elevations in TC and LDL-C by as much as 30%.”'°
However, in separate observational studies, TNFi use was
associated with significantly lower CV risk compared with
RA patients receiving other nonbiologic disease-modifying
anti-rheumatic drugs (DMARDs).""'® Together, the evidence
suggests that treatments aimed at reducing inflammation
are associated with an overall reduction in CV risk, despite
increases in LDL-C levels. Few studies have directly exam-
ined the association between longitudinal changes in serum
inflammatory markers (eg, C-reactive protein [CRP]) and
changes in routinely measured lipid levels such as LDL-C.
While routinely measured lipids may not associate well
with CV risk due to fluctuations in inflammation, other
measurements such as high-density lipoprotein (HDL)
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cholesterol efflux capacity, which is the ability of HDL
particles to extract cholesterol from lipid-laden macrophages,
may be better correlated. Few studies have evaluated
inflammation with longitudinal changes in HDL efflux capacity,
because both inflammation and HDL efflux capacity are
considered relatively stable in the general population in the
absence of treatment.' In RA, there is evidence that level of
inflammation is associated with HDL cholesterol efflux
capacity. A cross-sectional study (n=25) found that RA
patients with a high level of disease activity had impaired
HDL function compared with subjects with low disease
activity.'®> HDL cholesterol efflux capacity is associated with
an increased risk of CV disease independent of HDL-
cholesterol (HDL-C) levels'*'® and may be a more useful
marker for CV risk prediction for patients with RA and other
inflammatory diseases compared with the use of LDL-C as a
marker.

Current CV risk estimators such as the Framingham Risk
and Reynolds’ Risk Score underestimate CV risk in RA by 2-
fold in women with RA." Understanding the relationship
between inflammation and changes in lipid parameters is a
key step for informing CV risk management in RA. The
objective of this study was to provide an overview of changes
in routine lipids including TC, LDL-C, and HDL-C, as well as
advanced lipoprotein measurements including apolipoprotein
(apo)B, apoA1, and HDL cholesterol efflux capacity in RA
patients who experience a significant reduction in inflamma-
tion as measured with high-sensitivity CRP. Our second
objective was to quantify the correlation between longitudinal
changes in CRP with changes in these lipid parameters. We
hypothesized that a reduction in CRP would be associated
with increases in LDL-C and concomitant improvements in
HDL cholesterol efflux capacity.

Methods

We conducted this study in the Brigham and Women’s
Hospital Rheumatoid Arthritis Sequential Study (BRASS),'® a
prospective observational cohort study. All subjects were age
18 or older and had a rheumatologist diagnosis of RA.
Subjects in BRASS had annual clinical assessments including
measurements of RA disease activity, assessments of CV risk
factors, and CRP. Details of this cohort were previously
reported.'® We included subjects in BRASS who experienced a
CRP reduction >10 mg/L at 2 consecutive time points, 1 year
apart, and with blood samples available for analysis. Samples
were measured for TC, LDL-C, HDL-C, apoA1, apoB, and HDL
cholesterol efflux capacity. Because statins are potent LDL-C—
lowering agents, we included only patients who did not
receive statins 6 months prior to the baseline blood collection
date and during the 1-year follow-up period.

High-sensitivity CRP was measured by using a standard
immunoturbidimetric assay on the Roche P Modular system
(Roche Diagnostics) with reagents and calibrators from
Roche. In this assay, an antigen—antibody reaction occurs
between CRP in the sample and an anti-CRP antibody
sensitized to latex particles resulting in agglutination. The
antigen—antibody complex is detected spectrophotometrically
with the magnitude of change proportional to the concentra-
tion of CRP in the sample.'” TC, LDL-C, HDL-C, apoA1, and
apoB measurements were performed according to standard-
ized techniques in the clinical laboratories.?®?" We performed
HDL cholesterol efflux capacity per published methods by
using J774 cells derived from a murine macrophage cell line.™
Briefly, the J774 cells were plated and radiolabeled with 2 mCi
of 3H-cholesterol/mL. ATP-binding cassette transporter AT
(ABCA1) was up-regulated by means of a 16-hour incubation
with 0.3 mmol/L 8-(4-chlorophenylthio)-cAMP. We added
2.8% apoB-depleted serum to the efflux medium for 4 hours.
To quantify the efflux of radioactive cholesterol from the cells,
we used liquid scintillation counting. Efflux was calculated by
using the following formula: ([microcuries of *H-cholesterol in
media containing 2.8% apoB-depleted serum-microcuries of
3H-cholesterol in serum-free media]/[microcuries of *H-cho-
lesterol in cells extracted before the efflux step]). All assays
were performed in duplicate.

We tested for significant differences in TC, LDL-C, HDL-C,
apoA1, apoB, and HDL cholesterol efflux capacity at baseline
and 1-year follow-up by using the paired ¢ test. For the primary
analyses, we determined the correlations between changes in
CRP and the percentage change in each lipid parameter
[(“pidfollowfup_lipidbaseline))/“pidbaseline] by USing the Pearson
correlation test. Because of the non-normal distribution of
CRP, we performed all correlation and association studies by
using the natural log of the change (reduction) in CRP
(CRPyaseiine—CRProlion-up)- We performed a sensitivity analysis
by using a Spearman rank correlation test between the
change in CRP (CRPpaseiine—CRProiow-up) @nd percentage
change in the lipid parameters.

As a secondary analysis, we tested for confounding of the
association between changes in CRP and lipids by age and
sex. Additionally, we tested the association between the
change in CRP and HDL cholesterol efflux capacity adjusted
by change in HDL-C levels in one model and change in apoA1
levels in a second model. To determine whether the changes
in the lipid parameters may be more specific to serum
markers of inflammation compared with other clinical mea-
sures of RA disease activity, we tested the association
between changes in the RA Disease Activity Score 28 (DAS28-
CRP) and changes in HDL cholesterol efflux capacity. The
DAS28 is an index score that includes objective and
subjective clinical signs and symptoms of RA: the swollen
and tender joint count of 28 joints, CRP level, and the patient

DOI: 10.1161/JAHA.114.001588

Journal of the American Heart Association 2

HDOYVIASHY TVNIDIYO



Inflammation and Lipids in RA Liao et al

Table 1. Baseline Clinical Characteristics of RA Cohort

Characteristics N=90
Age, mean (SD) y 57.0 (12.0)
Female, % 88.9
RA disease duration, mean (SD) y 16.5 (11.5)
Anti-CCP positive, n (%) 70 (77.8)
RF positive, n (%) 67 (74.4)
BMI, mean (SD) kg/m? 27.0 (5.5)
Diabetes mellitus, n (%) 11 (12.2)
Hyperlipidemia, n (%) 19 (21.0)
Hypertension, n (%) 31 (34.4)
History of ischemic heart disease, n (%) 6 (6.7)
Hs-CRP, median (IQR), mg/L 28.6 (21.7)
DAS28, mean (SD) 5.0 (1.6)
RA treatment, n (%)
Methotrexate 44 (53.1)
Tumor necrosis factor inhibitor 40 (48.2)
Other DMARDs 13 (14.4)

Anti-CCP indicates anti-cyclic citrullinated peptide; RA, rheumatoid arthritis; RF,
rheumatoid factor; BMI, body mass index; hs-CRP, high-sensitivity C-reactive protein;
DAS28, Disease Activity Score 28; DMARD, disease-modifying anti-rheumatic drug; .

global score of arthritis disease activity over the past week
(scale of 0 to 10, with 0 being no disease activity and 10
being the worst disease activity).?? High disease activity as
defined by DAS28-CRP is a score of >5.1, moderate disease
activity is >3.2 and <5.1, low disease activity is >2.6 to <3.2,
and remission is <2.6.2°

All aspects of this study were approved by the Partners
Healthcare Institutional Review Board, and the subjects gave

informed consent. Analyses were performed by using SAS 9.2
(SAS Institute).

Results

We studied 90 RA cases with a mean age of 57.0; 89% were
female, 78% were anti-CCP positive, and they had a mean RA
disease duration of 16.5 years (Table 1). The median CRP at
baseline was 28.6 mg/L, and the mean DAS28 was 5.0
(moderate disease activity). The median CRP at 1-year follow-
up was 4.3 (IOR 5.6), an absolute reduction of 23.5 mg/L
(IOR 54.0, P<0.0001), and the mean reduction in DAS28-CRP
was 1.6 (SD 1.5, P<0.0001). This represented an overall 85%
reduction in median CRP and a significant change in the
DAS28-CRP from the higher end of moderate to low disease
activity. All subjects were receiving >1 DMARD with the
majority of subjects receiving methotrexate (53%) or a TNFi
(48%); 27% were receiving combination MTX and TNFi at
baseline.

Compared with baseline, we observed a significant
increase in LDL-C by 7.2% (P=0.02) and improvements in
HDL cholesterol efflux capacity by 5.7% (P=0.002) (Table 2).
There was a trend toward increased apoA1 of 4.1% (P=0.05).
We observed no significant changes in HDL-C, apoB, and 2
measures of the atherogenic index TC/HDL-C or apoB/apoA1
between baseline and 1-year follow-up.

We observed significant correlations between a reduction
in CRP with increases in LDL-C, HDL-C, and apoA1 and
improvements in HDL cholesterol efflux capacity (Figure). No
significant correlation was observed between change in CRP
and apoB levels (=0.14, P=0.20) and the atherogenic indices
(TC/HDL-C, =—0.21, P=0.05 and apoB/apoA1, r=—0.10,
P=0.33). In the sensitivity analysis, the significant correlation

Table 2. Mean Change in Lipids, Lipoproteins, and HDL Cholesterol Efflux Capacity Between Baseline and 1-Year Follow-up

(N=90)
Measurement Baseline (SD) Follow-up (SD) Mean A (SD) P Value
Total cholesterol, mg/dL 187.2 (43.1) 183.2 (37.0) —4.4 (35.2) 0.24
LDL-C, mg/dL 102.0 (32.4) 109.0 (34.6) +7.0 (3.0) 0.02*
HDL-C, mg/dL 65.3 (20.0) 66.3 (20.5) +0.99 (12.8) 0.50
apoB, mg/dL 92.1 (25.1) 95.1 (26.2) +3.1 (19.3) 0.14
apoA1, mg/dL 183.8 (45.0) 191.4 (44.0) +7.6 (35.8) 0.05
HDL cholesterol efflux capacity 1.05 (0.17) 1.11 (0.16) +0.06 (0.16) 0.002*
Atherogenic indices
Total cholesterol/HDL-C 32(1.2) 3.0(1.2) —0.11 (0.88) 0.21
apoB/apoA1 0.53 (0.19) 0.52 (0.2) —0.006 (0.10) 0.72

Median change in CRP was a reduction of 23.5 mg/L (IOR 54.0) between baseline and follow-up. HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; apoB, apolipoprotein B; apoA1, apolipoprotein A1; CRP, C-reactive protein.

*Significant, P<0.05

"N=87 for LDL-C, HDL-C, apoB, and apoA1 due to insufficient sample volumes in 3 subjects.
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between a reduction in CRP and apoA1 and HDL cholesterol
efflux capacity remained (apoAl, r=0.27, P=0.009; HDL
cholesterol efflux capacity, —=0.24, P=0.03). However, the
correlations between reduction in CRP with increases in LDL-
C (r=0.18, P=0.10) and HDL-C (~=0.17, P=0.10) had the same
trend as the primary analysis but did not reach statistical
significance.

We examined the association between change in CRP with
the lipid parameters adjusted by age and sex and found that
neither age or sex was significant in the models. The
reduction in CRP remained significantly associated with all
lipid measurements after adjustment for age and sex: LDL-C
(P=0.02), HDL-C (P=0.04), apoA1 (P=0.02), and HDL choles-
terol efflux capacity (P=0.03).

In a secondary analysis, we investigated the association
between reduction in CRP and HDL cholesterol efflux when
adjusting for changes in HDL-C and apoA1 levels. The
association was attenuated after adjusting for changes in
HDL-C levels (P=0.06) and apoA1 levels (P=0.14). While we

found no significant correlation between changes in HDL-C
levels and HDL cholesterol efflux capacity (~=0.17, P=0.12),
we observed a significant correlation between changes in
apoA1 levels with improvements in HDL cholesterol efflux
capacity (=0.33, P=0.002).

None of the changes in DAS28-CRP were significantly
correlated with lipid parameters; however, the trends were
similar to those observed with changes in CRP and lipid
parameters (Table 3).

Discussion

Among RA subjects who experienced a reduction in CRP, we
observed a significant increase in LDL-C levels and concom-
itant improvement in HDL cholesterol efflux capacity. The
magnitude of CRP reduction was significantly correlated with
larger reductions in CRP were correlated with larger increases
in ApoA1 and larger improvements in HDL cholesterol efflux
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Figure. Correlations between magnitude of reduction in CRP (natural log transformed) and the percentage change in (A) LDL-C, (B) HDL-C, (C)
apoA1, and (D) HDL cholesterol efflux capacity between baseline and 1-year follow-up. apoA1 indicates apolipoprotein A1; CRP, C-reactive
protein; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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Table 3. Correlation Between Reduction in DAS28 and
Percentage Change in Lipid and Lipoprotein Parameters

Measurements Correlation P Value
Total cholesterol 0.06 0.56
LDL-C 0.10 0.35
HDL-C 0.09 0.42
apoB 0.03 0.76
apoA1 0.01 0.88
HDL cholesterol efflux capacity 0.12 0.29
Atherogenic indices

TC/HDL-C 0.02 0.86

apoB/apoA1 0.03 0.76

LDL-C indicates low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein
cholesterol; apoB, apolipoprotein B; apoA1, apolipoprotein A1; DAS28, Disease Activity
Score 28; TC, total cholesterol.

capacity. A trend for correlation also existed between the
magnitude of CRP reduction and increases in LDL-C and HDL-
C. These findings provide a potential explanation for the
apparent paradox observed in the associations between lipid
levels and CV risk in RA.”® Concurrent with increases in LDL-
C were favorable lipid changes that may counterbalance the
elevated CV risk associated with higher LDL-C levels. These
changes included improvements in the ability of HDL to efflux
cholesterol from lipid laden plaques, alongside stable apoB
levels, considered a more direct measure of atherogenic non—
HDL-C particles than LDL-C.%*

The relation between a reduction in CRP and changes in
lipid parameters was present despite patients receiving
various RA treatment modalities, suggesting that the associ-
ation is not treatment specific. The trend for an inverse
relation between inflammation and HDL-C levels observed in
this present study corroborate findings from a cross-sectional
study of 11,437 subjects with simultaneous CRP and HDL-C
levels from 4 large biochemistry laboratories.?®> In this
heterogeneous population, higher levels of CRP, defined as
levels >5 mg/L, were associated with lower levels of HDL-C.
While we believe our findings support a link between
reduction in inflammation and reduction in CV risk, our
results cannot account for whether specific RA treatments
may have additional beneficial or deleterious influences on CV
risk beyond modifying inflammation.

Changes in lipid levels were more closely associated with
changes in CRP than the DAS28, a composite measure of RA
disease activity that includes objective (eg, swollen joint
count) and subjective (eg, patient reported global health)
measures. Although the study subjects experienced signifi-
cant improvements in DAS28, suggesting a response to
therapy,”® we did not observe a significant correlation
between DAS28 reduction and changes in the lipid parame-

ters. This lack of correlation was not surprising. The DAS28 is
a composite index that includes subjective measures such as
the patient’s assessment of arthritis activity over the past
week. DAS28 scores can remain high in the absence of
inflammation, particularly in subjects with persistent pain
secondary to structural joint damage from RA.?” Thus, CRP
and potentially other serum inflammatory markers may be
more optimal biomarkers to interpret lipid changes than
global RA disease activity indices.

We believe this study provides convincing evidence
showing that reduction in inflammation is associated with
improvements in HDL cholesterol efflux capacity, consistent
with the limited human studies to date. In cross-sectional
studies, HDL cholesterol efflux capacity is impaired in RA
subjects with high disease activity compared with those with
low disease activity,'® as well as other inflammatory diseases
such as systemic lupus erythematosus®® and psoriasis,?’
compared with controls. Evidence for a longitudinal relation-
ship between inflammation and HDL cholesterol efflux
capacity was demonstrated in a study that induced low-grade
endotoxemia, a state of heightened inflammation, in 20
healthy adults and found impairment in HDL cholesterol efflux
function when comparing HDL function before and after
endotoxemia.®® A study of 15 subjects found that anti-
psoriatic treatment was associated with a significant improve-
ment in HDL cholesterol efflux capacity.®' In addition, a
recent study in mice linked myeloperoxidase-mediated oxida-
tion of apoA1 to impairment of reverse cholesterol transport
in vivo and the ability of apoA1 to reduce lipid and
macrophage content in atherosclerotic lesions.*? Increased
myeloperoxidase activity is associated with higher CRP levels
in RA.™®

In RA, knowledge of the inflammatory state may have
additional importance for interpretation of lipid levels and CV
risk. An RA patient with a low LDL-C and high CRP may be at
elevated CV risk, based on other lipid parameters such as
impaired HDL cholesterol efflux function, compared with a
patient with a higher LDL-C level but well-controlled disease
and normal HDL cholesterol efflux function. Whether the
effect of reducing inflammation in the general population will
have a significant impact on HDL cholesterol efflux capacity is
not clear. The CV risk reduction associated with lowering
inflammation as measured by CRP in the general population
was demonstrated in several randomized controlled trials by
using statin therapy.**~>° However, the magnitude of inflam-
mation and, by definition, the amount of reduction that can
occur in an individual without an underlying inflammatory
disease are smaller compared with an individual with RA. As
an example, an individual with high-sensitivity CRP >3 mg/L
in the general population is considered to have elevated CV
risk,2” while the mean high-sensitivity CRP in a treated
cohort of RA patients is 9.7 mg/L."®
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Interestingly, while LDL-C levels increased with reduction
in inflammation, the levels of apoB that typically mirror LDL-C
levels in the general population remained stable. The
mechanism underlying discrepant changes in LDL-C and apoB
in this study is unclear. The Friedewald equation used to
calculate LDL-C may be inaccurate when triglyceride levels
are high®® but would not explain the consistent increases in
LDL-C observed across different studies associated with RA
biologic therapy.”'®%°** DMARDs are not known to be
associated with significant increases in triglyceride lev-
els.*1*54 This finding requires careful follow-up studies
using LDL-particle number and size to provide further
mechanistic insight.

Concurrent with a reduction in CRP and increases in LDL-C,
we observed increases apoA1 and a significant improvement
in HDL cholesterol efflux capacity, pointing toward an
improved lipid profile and reduced CV risk. While we did not
observe a significant improvement in the atherogenic index,
as has been observed in some RA treatment :?.tudies,47 we
observed a trend toward reduced atherogenicity of the lipid
profile as measured with TC/HDL-C and apoB/apoAi,
suggesting larger studies are needed to evaluate this
relationship.

We acknowledge limitations to this study. Lipid measure-
ments were not performed in the fasting state. However,
there are data to suggest that the variation between fasting
and nonfasting states for TC, LDL-C, and HDL-C would not
significantly impact interpretation of CV risk. In a population-
based study, mean levels varied by <2% for TC and HDL-C and
<10% for LDL-C.*® We could not account for patients who
underwent lifestyle modifications that could result in lipid
changes between baseline and 1-year follow-up. While we
reviewed medical charts for statin use before and during the
1-year follow-up, it is possible that additional patients on
statins were missed. Due to the methods used for sample
collection and storage in the RA cohort, which were incom-
patible with NMR analyses, we were unable to further explore
whether the discrepancy between the changes in LDL-C and
apoB levels were true changes or artifacts in assay sensitivity.

In summary, RA patients experiencing a reduction in
inflammation may have an overall improved lipid profile
despite increased LDL-C levels. Reduction in CRP was
correlated with increases in apoA1 and improvements in the
HDL cholesterol efflux capacity. These findings highlight the
importance of incorporating levels and changes in inflamma-
tion when considering lipid management and CV risk assess-
ment in patients with RA and potentially other inflammatory
diseases. Further, these data may provide insight into
pathways for elevated CV risk in patients in the general
population with higher levels of CRP. Future studies are
planned to evaluate lipid composition by using NMR, which
can provide information on the size and number of LDL and

HDL particles with changes in levels of inflammation.
Moreover, studies are needed to investigate the relationship
between changes in inflammation and lipid levels and the
impact of these changes on CV risk in RA.
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