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Abstract

Background: Modulators of triglyceride metabolism include lipoprotein lipase (LPL), angiopoietin-like protein 4
(ANGPTL4), and apolipoprotein C-3 (ApoC3). There is evidence on the influence of this triangle of molecules on an
increased risk of atherosclerotic cardiovascular disease (CV) in the general population. Patients with rheumatoid arthri-
tis (RA) present changes in lipid profiles and accelerated CV disease. In the present study, we set out to study whether
the ANGPTL4, ApoC3, and LPL axis differs in subjects with RA compared to controls. In a further step, we investigated
the relationship of this axis with subclinical atherosclerosis in patients with RA.

Methods: Cross-sectional study that included 569 individuals, 323 patients with RA and 246 age-matched controls.
ANGPTL4, ApoC3 and LPL, and standard lipid profiles were analyzed in patients and controls. Carotid intima-media
thickness (cIMT) and carotid plaques were assessed in RA patients. A multivariable analysis was performed to assess
whether the ANGPTL4, ApoC3, and LPL axis was altered in RA and to study its relationship with RA dyslipidemia and
subclinical carotid atherosclerosis.

Results: Most lipid profile molecules did not differ between patients and controls. Despite this, and after fully
multivariable analysis including CV risk factors, use of statins, and changes in the lipid profile caused by the disease
itself, patients with RA showed higher serum levels of ANGPTL4 (beta coef. 295 [95% CI 213-376] ng/ml, p<0.001) and
ApoC3 (beta coef. 2.9 [95% Cl 1.7-4.0] mg/dl, p<0.001), but lower circulating LPL (beta coef. —174 [95% Cl —213 to
—135] ng/ml, p<0.001). ANGPTL4 serum levels were positively and independently associated with a higher cIMT in
patients with RA after fully multivariable adjustment.

Conclusion: The axis consisting in ANGPTL4, ApoC3, and LPL is disrupted in patients with RA. ANGPTL4 serum levels
are positively and independently associated with a higher cIMT in RA patients.
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LPL is the primary enzyme that hydrolyzes lipoprotein
triglycerides releasing free fatty acids for utilization by
and clearance from tissues [1]. Among the endogenous
modulators of LPL are ANGPTL4 that inhibits LPL and
modulates the uptake of free fatty acids in fasting and fed
states [2] and ApoC3 that also inhibits the lipolysis of tri-
glyceride-rich lipoproteins by LPL [3].

There is evidence on the influence of this axis consti-
tuted by ANGPTL4-LPL-ApoC3 on an increased risk of
atherosclerotic cardiovascular disease (CV) in the gen-
eral population. It has emerged not only from genetic
studies, but also from the relationship of circulating lev-
els of these molecules with CV disease and CV events.
For example, loss-of-function mutations in APOC3 were
associated with low levels of triglycerides and a reduced
risk of ischemic CV disease, and elevated ApoC3 lev-
els are associated with increased triglyceride levels and
elevated risk of atherosclerotic CV disease [4]. Besides,
truncating mutations that increase LPL activity decrease
serum triglyceride levels and the risk of CV disease,
whereas mutations that diminish LPL function have been
shown to increase serum triglyceride levels [5]. Similarly,
carriers of inactivating mutations in ANGPTL4 exhibit
lower triglyceride levels and a lower risk of coronary
artery disease than non-carriers [6].

Rheumatoid arthritis (RA) has been associated with a
modified lipid profile that is considered a consequence of
the inflammatory state that accompanies the disease [7].
RA is also known to be associated with a higher incidence
of CV events [8]. In the present study, we set out to study
whether the ANGPTL4, ApoC3, and LPL axis differs in
subjects with RA compared to controls. In a further step,
we investigated the relationship of this axis with subclini-
cal atherosclerosis in patients with RA.

Material and methods

Study participants

This was a cross-sectional study that included 569 indi-
viduals, 323 patients with RA and 246 age-matched
controls. All RA patients were 18 years old or older and
fulfilled the 2010 ACR/EULAR diagnostic criteria [9].
They had been diagnosed by rheumatologists and were
periodically followed up at rheumatology outpatient clin-
ics. For the purposes of inclusion in the present study,
the duration of RA disease was required to be >1 year.
Although anti-tumor necrosis factor-alpha (TNF) treat-
ment has been associated with changes in lipid profiles
[10], RA patients undergoing TNF-alpha antagonists or
other biologic therapies were not excluded from the pre-
sent study. Apart from possible statin use, age-matched
controls included in the study were required not to
have conditions or drug treatment that could influence
lipids and were not taking any other lipid-lowering
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medications. The controls were community-based,
recruited by general practitioners in primary health cent-
ers. Moreover, controls with a history of any inflamma-
tory rheumatic diseases were excluded, as well as those
with a history of CV disease. None of the controls was
receiving glucocorticoids. However, since they are often
used in the management of RA, patients taking pred-
nisone, or an equivalent dose <10 mg/day, were not
excluded. As previously mentioned, both patients and
controls under statin treatment were allowed to partici-
pate in the study. Patients and controls were excluded
if they had a history of myocardial infarction, angina,
stroke, a glomerular filtration rate <60 ml/min/1.73
m?, a history of cancer, or any other chronic disease, or
evidence of active infection. The study protocol was
approved by the Institutional Review Committee at Hos-
pital Universitario de Canarias and at Hospital Univer-
sitario Doctor Negrin (both in Spain), and all subjects
provided informed written consent.

Data collection and laboratory assessments

Individuals included in the study completed a CV risk
factor and medication use questionnaire and under-
went a physical examination. Weight, height, body mass
index, abdominal circumference, and systolic and dias-
tolic blood pressure (measured with the participant in
a supine position) were assessed under standardized
conditions. Information regarding smoking status (cur-
rent smoker versus non-smoker) and hypertension was
obtained from the questionnaire. Medical records were
reviewed to ascertain specific diagnoses and medications.
Disease activity in patients with RA was measured using
the Disease Activity Score (DAS28) in 28 joints [11], the
Clinical Disease Activity Index (CDAI) [12], and the Sim-
ple Disease Activity Index (SDAI) [13]. Disease disability
was measured through the Health Assessment Question-
naire (HAQ) score [14].

Serum LPL mass was measured using a sensitive sand-
wich enzyme-linked immunosorbent assay (ELISA)
(Biomatik, Cambridge, Canada). The assay sensitiv-
ity (minimum detectable concentration) for LPL was
0.58 ng/ml. Precision was estimated as an inter-assay
<15% and an intra-assay <10% coefficients of variability.
ANGPTL4 was assessed through R&D Duoset ELISA
(Abingdon, UK). ANGPTL4 minimum detectable val-
ues were 1.3 ng/ml and both inter- and inter-assay coef-
ficients of variability were <10%. For the detection of
ApoC3, an ELISA kit was used (Elabscience, USA). No
significant cross-reactivity or interference between
human ApoC3 and analogues is observed with this kit.
Both intra- and inter-coefficients of variability are < 10%
for this assay. Cholesterol, triglycerides, and HDL cho-
lesterol were measured using the enzymatic colorimetric
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assay. LDL cholesterol was calculated using the Friede-
wald formula. A standard technique was used to measure
the erythrocyte sedimentation rate (ESR) and high-sensi-
tivity C-reactive protein (CRP).

Carotid ultrasound assessment

Carotid ultrasound examination was used to assess cIMT
in the common carotid artery and to detect focal plaques
in the extracranial carotid tree in patients with RA [15].
A commercially available scanner, the Esaote Mylab 70
(Genoa, Italy), equipped with a 7-12-MHz linear trans-
ducer and an automated software-guided radiofrequency
technique, Quality Intima Media Thickness in real-time
(QIMT, Esaote, Maastricht, Holland), was used for this
purpose. As previously reported [15], based on the Man-
nheim consensus, plaque criteria in the accessible extrac-
ranial carotid tree (common carotid artery, bulb and
internal carotid artery) were defined as follows: a focal
protrusion in the lumen measuring at least cIMT >1.5
mm, a protrusion at least 50% greater than the surround-
ing cIMT, or arterial lumen encroaching >0.5 mm [16].

Statistical analysis

Demographic and clinical characteristics in patients
with RA and controls were described as mean (standard
deviation) or percentages for categorical variables. For
non-normally distributed continuous variables, data were
expressed as median and interquartile range (IQR). Uni-
variable differences between patients and controls were
assessed through the Student 7, Mann—Whitney U, chi-
square, or Fisher exact tests according to normal distribu-
tion or number of subjects. Differences between patients
and controls regarding their lipid profiles were assessed
through multivariable regression analysis. Confound-
ing variables in this analysis were those with a statisti-
cal p value <0.20 for those differences in traditional CV
risk factors between patients and controls. To neutralize
the effect of other modifications on the lipid profile, an
additional multivariable analysis was constructed, add-
ing to the model those differences in lipid-related mole-
cules between patients and controls with a p value <0.20.
Demographic- and disease-related data associations with
ANGPTL4, LPL, and ApoC3 are shown using univariable
linear regression. Mediation analysis [17] was used to
further understand the associations of RA with changes
in ANGPTL4, LPL, and ApoC3. Therefore, an attempt
was made to assess whether any of these molecules was
responsible for the change of the others. Therefore, in
these significant relationships, it was ruled out that there
was no mediation of another molecule. In cases where
the mediation was not significant, it was established that
the relationship is direct and not mediated by another
molecule. Mediation analysis estimated two models as
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previously described [18]: a model for the mediator con-
ditional on exposure and covariates, and another model
for the outcome conditional on exposure, the mediator
and covariates. All the analyses used a 5% two-sided sig-
nificance level and were performed using SPSS software,
version 25 (IBM, Armonk, NY, USA), and Stata software,
version 17/SE (StataCorp, College Station, TX, USA). p
values <0.05 were considered statistically significant.

Results
Demographic and disease-related data
A total of 569 participants, 323 patients with RA and 246
controls, were included in this study. Demographic- and
disease-related characteristics of the participants are
shown in Table 1. Patients and controls showed no dif-
ferences in age (54 £ 16 vs. 55 &+ 10 years, p=0.62) nor
in the frequency of the CV risk factors smoking, obesity,
hypertension, and type 2 diabetes mellitus. Similarly, the
use of statins did not differ between patients and con-
trols (32 vs. 27%, p=0.19). Contrary, patients with RA
were more frequently female and had a lower BMI and
abdominal circumference. However, for these differences,
the size effect was found to be small.

The median duration of the disease in RA patients was
8 (IQR 4-15) years. Sixty-seven percent of patients were
positive for rheumatoid factor and 55% for ACPA. Dis-
ease activity measured by DAS28-ESR showed a value
of 2.32 £ 1.19. Thirty-eight percent of the patients were
being treated with prednisone and 86% were taking at
least one conventional DMARD in any of its types, being
methotrexate the most widely used (74%). The frequency
of use of other treatments is shown in Table 1. Addition-
ally, the mean values of CRP and ESR at the time of the
study were respectively 2.6 (IQR 1.3-6.1) mg/l and 25
(IQR 12-45) mm/1st hour. The cIMT of patients with
RA was 698 + 137, and 38% of these presented carotid
plaque on ultrasound examination. Additional informa-
tion on patients and controls is shown in Table 1.

Multivariable analysis of the differences in lipid profiles
between RA patients and controls

In general, lipid profile did not differ between RA
patients and controls in the univariable analysis. Only
HDL cholesterol was found to be significantly higher in
RA patients compared to controls (56 £ 15 mg/dl vs. 52
+ 15 mg/dl, p=0.001). Despite this, ANGPTL4, ApoC3,
and LPL were found to be different in patients with RA
compared to controls. In this sense, in the univariable
analysis, ANGPTL4 (151 [IQR 90-290] ng/ml vs. 73 [IQR
47-121] ng/ml, p<0.001) and ApoC3 (8.8 + 5.2 mg/dl vs.
6.2 & 5.6, p<0.001) were found to be significantly higher
in patients with RA. Contrary, in this univariable analy-
sis, LPL was found to be lower in RA when compared to
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Table 1 Demographics, cardiovascular risk factors, and disease-related data in subjects
Controls RA
(n=246) (n=323) 1]
Age, years 54+16 55+10 0.62
Female, n (%) 162 (66) 263 (81) <0.001
BMI, kg/m2 30£3 28+5 <0.001
Abdominal circumference, cm 1006 97 +£13 <0.001
Cardiovascular data
CV risk factors, n (%)
Current smoker 47 (19) 64 (20) 0.83
Obesity 67 (27) 104 (32) 0.20
Hypertension 92 (37) 101 (31) 0.13
Diabetes mellitus 42(17) 42 (13) 0.16
Blood pressure, mm Hg
Systolic 139+8 133+£19 <0.001
Diastolic 84+5 81+12 0.001
Statins, n (%) 66 (27) 104 (32) 0.19
Disease-related data
CRP at time of study, mg/! 2.0(1.1-4.6) 26(1.3-6.1) 0.023
Disease duration, years 8(4-15)
ESR at time of study, mm/1° hour 25 (12-45)
Rheumatoid factor, n (%) 218 (67)
ACPA, n (%) 179 (55)
DAS28-ESR 232+£1.19
DAS28-PCR 254 +£1.05
SDAI 12 (6-20)
CDAI 8 (4-14)
HAQ 0.750 (0.250-1.250)

Current drugs, n (%)

Prednisone

Prednisone doses, mg/day

NSAIDs

DMARDs

Methotrexate

Leflunomide

Hydroxychloroquine

Sulfasalazine

Anti-TNF therapy

Tocilizumab

Rituximab

Abatacept

JAK inhibitors
Historical disease-related data
History of extraarticular manifestations, n (%)
Erosions, n (%)
CRP at time of disease diagnosis, mg/!
CRP >3 at time of disease diagnosis, n (%)
ESR at disease diagnosis, mm/1° hour
Subclinical atherosclerosis
Carotid IMT, microns

Carotid plaques, n (%)

123(38)
5(3-5)
154 (48)
277 (86)
238 (74)
72(22)
37(11)
25(8)
68 (21)
17(5)
6(2)
6(2)
7(2)

24(7)

113 (35)

64 (2.5-17.1)
152 (47)
31£19

698 + 137
124 (38)

Data represent means + SD or median (IQR) when data were not normally distributed

CV cardiovascular, LDL low-density lipoprotein, HDL high-density lipoprotein, CRP C-reactive protein, NSAID nonsteroidal anti-inflammatory drugs, DMARD disease-
modifying antirheumatic drug, TNF tumor necrosis factor, Obesity, ESR erythrocyte sedimentation rate, BVl body mass index, DAS28 Disease Activity Score in 28 joints,
ACPA anti-citrullinated protein antibodies, CDA/ Clinical Disease Activity Index, SDAI Simple Disease Activity Index, HAQ Health Assessment Questionnaire
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controls (99 [IQR 60-156] ng/ml vs. 230 [IQR 183-328]
ng/ml, p<0.001).

In the full adjustment model (model 1 in Table 2), most
of these differences between the two populations were
maintained with some exceptions. In this sense, apoli-
poprotein Al was found to be lower in patients with RA
(beta coef. —9 [95% CI —15 to —4] mg/dl, p=0.001) and
the difference in HDL cholesterol serum levels between
populations was lost. Remarkably, ANGPTL4 and ApoC3
remain significantly upregulated and LPL decreased in
patients with RA compared to controls.

Because lipid-related molecules are interrelated (they
share metabolic pathways and it is not easy to separate
the effect of one from the others), we performed a mul-
tivariable analysis adjusting for demographics and CV
risk factors plus all the lipid-related molecules that were
found to be different between patients and controls in
the univariable analysis (model 2 in Table 2). Because
of collinearity, lipid molecules derived from a formula
were excluded from the regression models (LDL choles-
terol, LDL:HDL ratio, non-HDL cholesterol, apoB:apoA,
and atherogenic index). In this final multivariable model,
ANGPTL4, ApoC3, and LPL were found to be different
in RA patients compared to controls: ANGPTL4 and
ApoC3 were found to be higher and LPL lower.
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Figure 1 shows a graphical representation of the dif-
ferences in main lipid molecules between patients and
controls.

Disease-related data relation with angiopoietin-like
protein 4, apolipoprotein C3, and lipoprotein lipase axis
Disease activity scores were not related to the
ANGPTL4, ApoC3, and LPL molecules (Table 3). How-
ever, some associations were found with acute phase
reactants. In this sense, the ESR was negatively corre-
lated with ANGPTL4 (beta coef. —3 [95% CI —6 to —1]
ng/ml, 0.020) but positively correlated with LPL (beta
coef. 1 [95% CI 0-3] ng/ml, p=0.033). Besides, CRP
was positively and significantly associated with ApoC3
(beta coef. 0.05 [95% CI 0.01-0.10] mg/dl, p=0.013).
Similarly, patients on hydroxychloroquine, sulfasala-
zine, and anti-TNF therapies showed higher and signifi-
cant serum levels of LPL (Table 3).

Relationship of angiopoietin-like protein 4, apolipoprotein
C3, and the lipoprotein lipase axis with subclinical
atherosclerosis in patients with RA

Age, male gender, traditional CV risk factors, the use of
statins, and some lipid profile-related molecules like tri-
glycerides, LDL cholesterol, and lipoprotein (a) were

Table 2 Multivariable analysis of the differences in lipid profile and angiopoietin-like protein 4, apolipoprotein C3, and lipoprotein

lipase serum levels between RA patients and controls

Controls (1=246) RA patients (n=323) Univariable model Model #1 beta coef.

Model #2 beta coef. (95%

(95% Cl), p ql),p
Lipid profile p
Cholesterol, mg/dl 198 £ 45 203 £ 38 0.12 5(—2-12),0.18 14 (6-23),0.001
Triglycerides, mg/dl 144 £ 68 149 £ 88 044
HDL cholesterol, mg/dl 52+15 56 £ 15 0.001 1(—=1-4),0.29
LDL cholesterol, mg/dl 117 £ 37 117 + 33 0.96
LDL:HDL cholesterol ratio  2.38 + 0.89 2254094 0.10 0.01 (—0.15-0.17),0.95
Non-HDL cholesterol, 146 + 40 147 4+ 38 0.72
mg/d|
Lipoprotein (a), mg/dl 38 (14-101) 33(11-111) 0.99
Apolipoprotein A1, mg/dl 174 £ 39 170 &£ 29 0.12 —9(—15to —4),0.001 -9 (—16 to —3), 0.006
Apolipoprotein B, mg/d| 104 4+ 29 107 £ 47 0.38
Apo B:Apo A ratio 0.614£0.18 0.64 +0.25 0.097 0.05 (0.01-0.09), 0.008 -
Atherogenic index 401£1.12 388+ 133 022
Angiopoietin-like protein 73 (47-121) 151 (90-290) <0.001 215 (147-284), <0.001 295 (213-376), <0.001
4, ng/ml
Apolipoprotein C3, mg/dl 62 +£56 88+52 <0.001 2.9 (1.9-3.9), <0.001 2.9 (1.7-4.0), <0.001
Lipoprotein lipase, ng/ml 230 (183-328) 99 (60-156) <0.001 —121(—160 to —82), —174 (-213 to —135),

<0.001

<0.001

Data represent means =+ standard deviation or median (interquartile range) when data were not normally distributed

HDL high-density lipoprotein, LDL low-density lipoprotein

Model #1: adjusted for sex, body mass index, abdominal circumference, hypertension, diabetes, C-reactive protein, and statins (variables with a p value < 20 difference

between patients and controls)

Model #2: adjusted for model #1 + rest of lipid molecules (with a p value < 0.20 in the univariate analysis) other than the one that is compared

Because collinearity LDL cholesterol, LDL:HDL ratio, non-HDL cholesterol, apoB:apoA, and atherogenic index were excluded of the multivariable analyses in model 2
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Fig. 1 Multivariable differences in main lipid profile molecules between controls and patients with rheumatoid arthritis. For each molecule, left
violin plot represents controls, and right violin plot refers to patients

Table 3 Disease-related data relation with angiopoietin-like protein 4, apolipoprotein C3, and lipoprotein lipase axis

ANGPTL4, ng/ml Apo C3, mg/dl LPL, ng/ml
beta coef. (95% Cl), p
Disease-related data
Disease duration, years —7(=14-0),0.058 0.04 (—0.04-0.12),0.32 4(0-7),0.025
CRP. mg/I 1(—3-5),067 0.05(0.01-0.10), 0.013 1(—1-3),046

ESR, mm/1st hour

Rheumatoid factor

ACPA

DAS28-ESR

DAS28-PCR

SDAI

CDAI

HAQ

Current drugs
Prednisone
Prednisone, mg/day
NSAIDs
DMARDs
Methotrexate
Leflunomide
Hydroxychloroquine
Salazopyrin
Anti-TNF therapy
Tocilizumab
Rituximab
Abatacept
JAK inhibitors

History of extraarticular manifestations

Erosions

—3(—6to —1),0.020
18 (—116-153),0.79
117 (—=12-247),0.075
—19(=93-16),0.17
—15(—75-45),0.63
0(—3-4),0.88
—2(—10-6),0.66
—25(—=128-77),0.62
22 (—105-149),0.73
(—28-59),047
(—101-144),0.73

—20(—181-140), 0.80
25 (—105-155), 0.71
—50(—218-118),0.56
257 (=229-744),0.30
150 (—819-1120), 0.76
—11(—=182-159),0.90
53 (—204-311),0.68
—202 (—601-197),0.32
—182 (=581-217),0.37
347 (—22-715),0.065
—136 (—349-76),0.21
17 (=122-157),0.81

2
16
21

—0.00 (=0.03-0.03),0.93
0.2 (=1.2-16),0.77
0.2(=1.2-15),0.80
—04(-1.0-0.2),0.18
—04(—1.0-0.3),0.25

0.03 (=0.01-0.06), 0.17
—0.08 (—0.16-0.01), 0.069
—0.3(—1.4-0.8),0.60

—0.1(=1.4-13),0.94
—0.2(-05-0.1),0
—04 (- 7—08)050
—04(-=2.1-1.3),063
04 (—0.9-1.8),0.53

04 (—14-2. 2) 0.67

—3.5(-87-16),0.18
—3.6 (—13.9+ 66)049
—0.2 (- 6),0.79
—13( 4),035

0.0 (—43—42), 0.99
3.9(-0.3-8.1),0.069
—3.6(=7.5-0.3),0.072
04(=19-27),0.76
—1.0(-24-04),0.16

1(0-3),0.033
35(—28-99),0.27
61 (—5-128),0.068
7(—18-32),0.58
(—26-30), 0.88
(=1-2),0.70
(—3-4),0.90
52 (9 94),0.017

2
0
0

—10 ( 69-49),0.74
1(—6-7),087
9 (—48-66),0.77
29 (=53-110),049
41 (—24-106),0.21
51(—=17-119),0.14
116 (30-202), 0.008
143 (41-245), 0.006
101 (33-169), 0.004
9(—118-137),0.89
—23(—228-181),0.82
—58 (—263-146),0.58
—39(—-216-139),0.67
37 (—54-127),042
57 (=7-121),0.081

NSAID nonsteroidal anti-inflammatory drugs, DMARD disease-modifying antirheumatic drug, TNF tumor necrosis factor, Obesity, ESR erythrocyte sedimentation rate,
DAS28 Disease Activity Score in 28 joints, CRP C-reactive protein, ACPA anti-citrullinated protein antibodies, CDAI Clinical Disease Activity Index, SDAI Simple Disease
Activity Index, HAQ Health Assessment Questionnaire
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significantly associated with the presence of carotid
plaque or a higher cIMT (Table 4). Although ANGPTL4
and LPL were not related with carotid plaque, ApoC3 was
associated with the presence of carotid plaque in patients
with RA in the univariable analysis. However, this asso-
ciation was lost after multivariable analysis.

Regarding cIMT, ApoC3 and LPL were not associated
with cIMT. Contrary, a significant association between
ANGPTL4 and cIMT was found after full multivariable
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regression analysis (beta coef. 0.05 [95% CI 0.02-0.08]
microns, p<0.001) (Table 4).

Mediation analysis and hypothetical pathways

of disruption of the axis

As previously mentioned, patients with RA had
higher serum levels of ANGPTL4 and ApoC3 but
lower circulating LPL (Fig. 2). ApoC3 and LPL (Rho

Table 4 Relation of angiopoietin-like protein 4, apolipoprotein C3, and lipoprotein lipase axis to subclinical atherosclerosis in RA

patients
Carotid plaque cIMT, microns
Univariable Adjusted Univariable Adjusted
No=199 Yes=124 p OR (95% Cl) p beta coef. (95% Cl), p
Age, years 51+10 61+38 <0.001 7 (6-8), <0.001
Female, n (%) 175 (88) 88 (71) <0.001 —88 (—126 to -50), <0.001
BMI, kg/m? 2845 2845 0.51 2(—8-5),0.14
Abdominal circumference, 97 £+ 14 97+ 1 0.71 2(1-3),0.004
cm
Cardiovascular data
CV risk factors, n (%)
Current smoker 37(19) 27 (22) 0.49 4 (—34-42),0.84
Obesity 67 (34) 37 (30) 047 21 (—10-54),0.18
Hypertension 49 (25) 52 (42) 0.001 61 (29-93), <0.001
Diabetes mellitus 17 (9) 25 (20) 0.003 87 (43-132), <0.001
Blood pressure, mm Hg
Systolic 130+ 18 138+ 19 0.001 2(1-3),<0.001
Diastolic 8112 83+ 11 0.077 1(0.3),0.061
Statins, n (%) 46 (23) 57 (46) <0.001 51 (20-83), 0.002
Lipid profile
Cholesterol, mg/dl 205 + 37 201 £ 39 042 0.2 (—0.2-0.6),0.24
Triglycerides, mg/dl 138+ 82 168 + 93 0.003 0.1 (=0.0-0.3),0.13
HDL cholesterol, mg/d| 57 %15 55+ 16 0.50 —0.7 (=1.7-0.3),0.17
LDL cholesterol, mg/d| 121 +£32 112435 0.030 0.3 (=0.2-0.7),0.24
LDL:HDL cholesterol ratio 2304097 2184090 0.24 12 (—4-28),0.14
Non-HDL cholesterol, mg/dl 148 &+ 39 146 + 38 0.61 0.3 (—0.0-0.7), 0.085
Lipoprotein (a), mg/dl 29 (10-87) 38 (14-132) 0.018 0.0(=0.2-0.2),0.74
Apolipoprotein A1, mg/dl 170 £+ 29 171 £ 30 0.70 0.0 (—=0.5-0.5), 0.98
Apolipoprotein B, mg/d| 108 £ 57 104 £ 24 051 0.2 (—0.2-0.5),0.35
Apo B:Apo A ratio 065+£028 063£017 042 36 (—25-97),0.25
Atherogenic index 3874+£138 3894125 092 9(—3-20),0.13
Axis
Angiopoietin-like protein 4, 143 (85-281) 161 (104-451) 0.15 1.00 (0.99-1.00) 0.14 0.07 (0.03-0.10), <0.001 0.05 (0.02-0.08), <0.001
ng/ml
Apolipoprotein C3, mg/dl 83147 9.8+59 0.028 1.03(0.97-1.09) 041 29(-0.3-6.2),0.077 04 (—2.6-34),0.78
Lipoprotein lipase, ng/ml 91 (53-149) 108 (76-166) 034 0.03 (=0.03-0.09), 0.26 0.01 (=0.04-0.6),0.73

BMI body mass index, CV cardiovascular, HDL high-density lipoprotein, LDL low-density lipoprotein, OR odds ratio, cIMT carotid intima-media thickness

Carotid plaque and cIMT are dependent variables. Multivariable logistic regression—odds ratios—is adjusted for age, gender, hypertension, diabetes mellitus, statins,
triglycerides, LDL cholesterol and lipoprotein (a). Multivariable linear regression is adjusted for age, gender, abdominal circumference, hypertension, diabetes mellitus,

statins, triglycerides, and HDL cholesterol
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Spearman=0.188, p=0.003) and ANGPTL4 and LPL
(Rho Spearman=0.242, p<0.001) serum levels correlated
between them (discontinued arrows). This was not the
case of the correlation between ApoC3 and ANGPTL4,
which did not show a statistical significance (Rho Spear-
man=—0.050, p=0.44). Figure 2 shows a hypothetical
representation of the relationship of these molecules.

As we were interested in evaluating whether the dis-
turbance of the axis molecules was interrelated, or the
disruption of one molecule was the consequence of the
modification of another, we performed a mediation
analysis. In this sense, direct and indirect effects of RA
over each molecule were analyzed studying the media-
tion effect of the other two. Since ApoC3 and ANGPTL4
were not correlated, the study of the mediation effect of
RA on each of them mediated for the other did not apply.
The mediation analyses of the indirect effect of RA on
ApoC3 mediated by LPL and on LPL mediated by ApoC3
were not significant (Fig. 2). In contrast, the indirect
effects of RA on ANGPTL4 mediated by LPL and on LPL
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mediated by ANGPTL4 were significant but small in size.
Furthermore, the analysis of the direct effect of RA over
the three molecules remain statistically significant when
mediation analysis variables were included in the multi-
variable models (Fig. 2). All the mediation analyses were
evaluated adjusting for the same variables of model 1 of
Table 2.

Discussion
Our study is the first to analyze the key molecules related
to triglyceride metabolism in RA. According to our
results, the axis constituted by ANGPTL4, ApoC3, and
LPL is disrupted in RA and related to subclinical CV dis-
ease in these patients. Our approach focuses on how the
inflammatory state produced by RA modifies the lipid
profile and how, in turn, it can influence the atheroscle-
rotic burden observed in patients with RA.

In the current work, most of the lipid profile mole-
cules did not differ between patients and controls. This

Spearman=-0.050
p=0.44

Direct effect:
beta coef. 2.9 (1.9-3.9) mg/dI
p<0.001

p=0.003

Direct effect: .
beta coef. -121 (-160- 82) ng/ml
p<0.001

'
'
'
'

Direct effect:
beta coef. 215 (147-284) ng/m
p<0.001

p<0.001

Speafman=0.188

Spearman=0.242

Mediation analysis of the indirect effect
of RA on ApoC3 mediated by LPL:
Beta coef. -0.02 (-0.34-0.30), p=0.91

Mediation analysis of the indirect effect of RA
on LPL mediated by APOC3 and ANGPTL4:
Apoc3: beta coef. 0.6 (95%Cl -10-11), p=0.91
ANGPTL4: beta coef. 22 (95%Cl 11-35), p<0.001

Mediation analysis of the indirect effect of RA
on ANGPTL4 mediated by LPL:
LPL: -51 (95%CI -78-23), p<0.001

Fig. 2 Hypothetical pathways of the disruption of the ANGPTL4, ApoC3, and LPL axis. Direct effects of RA on the three molecules are shown
in continued arrows. Correlation between them is illustrated in discontinued arrows. Mediation analysis of the effect of RA on every molecules
mediated by the others is shown. Since ApoC3 and ANGPTL4 did not correlate, mediation analysis of one over the other does not apply
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means that inflammatory dyslipidemia, which has been
described in patients with RA [7], was not present in our
cohort. It may be because most of the patients recruited
in our study had low or moderate disease activity. This
reinforces our hypothesis, since, for this reason, the dis-
ruption in the ANGPTL4, ApoC3, and LPL axis found in
our study cannot be attributed to differences in the lipid
profile between patients and controls. In this regard, such
a disruption of the ANGPTL4-LPL-ApoC3 axis in RA
patients compared to controls was found to be significant
after a fully multivariable analysis that included tradi-
tional CV risk factors and other lipid molecules.

The positive regulation of ApoC3 in RA found in our
study has been previously described. Regarding this, a
study in 94 RA patients and 79 controls showed that the
serum concentration of ApoC3 was found to be higher
in patients compared to controls [19]. This is of poten-
tial relevance since ApoC3 has been recognized as a link
between atherogenic and inflammatory processes not
only in the general population [20] but also in subjects
with RA. In this sense, in a study of 152 patients with
RA who had a coronary artery calcium score evaluated
at baseline and at year 3, ApoC3 was found to be sig-
nificantly elevated in progressors compared to non-pro-
gressors [21]. In our study, ApoC3 was associated with
carotid plaque and cIMT in the univariable analysis, but
this association did not reach statistical significance after
multivariable adjustment.

In a small study of 17 women with RA and 16 age- and
sex-matched controls, LPL mass and activity levels were
significantly lower in RA patients [22]. This is consist-
ent with our study, which also found a decrease in LPL.
Moreover, in our work, we found a positive relation-
ship between LPL and ESR but not with disease activity
scores. However, the RA patients in our series showed
reduced LPL levels after multivariate adjustment, rein-
forcing the claim that the disease itself may be responsi-
ble for the LPL decrease.

ANGPTL4 was positively associated with cIMT in
our work which is consistent with previous studies that
showed a link between ANGPTL4 serum levels and ath-
erosclerosis. In this regard, serum ANGPTL4 levels in
a series of 712 patients with stroke due to large artery
atherosclerosis disease were significantly higher than
those in 828 controls after adjustment for other risk fac-
tors [23]. Pathological studies indicate that cIMT mainly
represents hypertensive medial hypertrophy or thicken-
ing of smooth muscles in the media. In contrast, carotid
plaques probably represent a later stage of atherogenesis
related to inflammation, endothelial dysfunction, oxi-
dative stress, and smooth muscle cell proliferation [24].
Therefore, since cIMT is biologically distinct from plaque
and represents a different process, it is possible that in
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RA patients ANGPTL4 may have more influence on
cIMT than on plaque development.

Given that the three axis molecules evaluated in our
study are interrelated and mutually modified, we per-
formed a mediation analysis to clarify whether the effect
of the disease in each of them was mediated by the
alteration of the others. However, it did not yield statisti-
cally significant results or, when significant, the indirect
(mediated) effect was small. This means that the modi-
fication in the three molecules may be because of the
disease itself and does not seem to be produced from the
modification that each of the three molecules can exert
on the others.

We recognize as a potential limitation of our study that
we measured LPL serum levels and not its enzymatic
activity. However, although serum LPL is catalytically
inactive, its mass reflects the level of systemic LPL bio-
synthesis and there is an excellent correlation between
mass and LPL activity as reported elsewhere [25].

Conclusion

In conclusion, the axis related to triglyceride metabolism
constituted by ANGPTL4, ApoC3, and LPL is different in
patients with RA and healthy controls. Since the serum
levels of ANGPTL4 are related to cIMT, this molecule
may represent a biomarker of subclinical atheroscle-
rosis in these patients. Our findings may contribute to
improving the understanding of the relationship between
inflammatory dyslipidemia and CV disease in patients
with RA.
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