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Apolipoprotein C-lll is linked to the insulin

resistance and beta-cell dysfunction that are
present in rheumatoid arthritis
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Abstract

Background: Insulin resistance and beta-cell dysfunction are manifestations of rheumatoid arthritis (RA). Apolipo-
protein C-lll (ApoC3) has been associated with such insulin resistance and beta-cell dysfunction in the general popu-
lation. Our purpose was to study whether ApoC3 is also related to the insulin resistance and beta-cell dysfunction that
are present in patients with RA.

Methods: Three hundred thirty-eight non-diabetic patients with RA who had a glycemia lower than 110 mg/dl were
recruited. Insulin, C-peptide, and ApoC3 were assessed. Insulin resistance and beta-cell function were calculated using
the Homeostasis Model Assessment (HOMA?2) indices. A multivariable regression analysis was performed to study the

relationship of ApoC3 with those molecules and indices adjusting for classic factors associated with insulin resistance

that included glucocorticoids.

Results: ApoC3 was related to significant higher levels of circulating insulin (beta coef. 0.37 [95%Cl 0.01-0.73] pU/ml,
p=0.044) and C-peptide (beta coef. 0.13 [95%Cl 0.05-0.22] ng/ml, p=0.003), and higher insulin resistance —HOMA2-
IR— (beta coef. 0.05 [95%Cl 0.00-0.09], p =0.041) and beta-cell dysfunction —HOMA2-%B— (beta coef. 2.94 [95%C]
0.07-5.80], p=0.044) indices. This was found after a fully multivariable analysis that included, among others, pred-
nisone intake and the classic factors associated with carbohydrate metabolism such as triglycerides, waist circumfer-
ence, and obesity.

Conclusion: ApoC3, insulin resistance, and beta-cell dysfunction are independently associated in patients RA.
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but they represent different pathophysiological phenom-
ena. Both pathological states influence each other and
presumably synergistically are critical precursors of type
2 diabetes [3] and have been linked with cardiovascular
disease [4].

There is sufficient evidence regarding the fact that
rheumatoid arthritis (RA) is associated with both beta-
cell dysfunction and IR [5-10]. This is believed to be
due to the systemic inflammation that accompanies the
disease that is capable of causing a disruption in the car-
bohydrate metabolism. However, beyond defining its
presence, there are no studies that establish the exact
mechanisms responsible for IR and beta-cell dysfunction
in patients with RA.

Apolipoprotein C-III (ApoC3) is a regulator of triglyc-
eride-rich lipoproteins in the circulation. It has been
identified as an inhibitor of lipoprotein lipase activity
and a key regulator of triglycerides concentrations in
plasma. Because loss-of-function mutations in ApoC3
are characterized by a strong decrease in serum triglyc-
erides and decreased cardiovascular risk, ApoC3 has
been suggested to be a potent therapeutic approach to
control dyslipidemia and cardiovascular disease [11].
ApoC3 has also been shown to serve as a link between
IR and beta-cell failure. The mechanistic explanation is
that specific IR within the pancreatic islet leads to local
expression of ApoC3, resulting in an autocrine negative
feedback loop for beta-cell function and survival [12].
Besides, ApoC3 enhances pancreatic beta-cell apopto-
sis via an increase of the cytoplasmic Ca2+levels in the
insulin-producing cells. In addition, overexpression of
ApoC3 augments non-alcoholic fatty liver disease and
exacerbates inflammatory pathways in skeletal mus-
cles, affecting insulin signaling and thereby inducing IR.
Moreover, recent studies reveal a possible mechanism of
body weight increase and glucose production through a
potential ApoC3-induced lipoprotein lipase inhibition in
the hypothalamus. Also, the presence of ApoC3 on the
surface of high-density lipoprotein particles is associated
with impairment of their antiglycemic and atheroprotec-
tive properties [13].

In the present work, our objective was to study, in
a large series of RA patients, whether ApoC3 is associ-
ated with both IR and beta-cell dysfunction that are
present in RA patients. If so, it would imply that this mol-
ecule would be part of the pathophysiological pathways
involved in the occurrence of both processes in patients
with RA.

Material and methods

Study participants

This was a cross-sectional study that included 338
patients with RA. All of them were 18 years old or older
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and fulfilled the 2010 ACR/EULAR diagnostic criteria
[14]. They had been diagnosed by rheumatologists and
were periodically followed-up at Rheumatology outpa-
tient clinics. For the purposes of inclusion in the pre-
sent study, the duration of RA disease was required to
be > 1 year. Patients with diabetes mellitus were excluded.
Furthermore, all patients had a glycemia<110 mg/d],
and none of them were on glucose-lowering drugs or
insulin therapy. Patients taking prednisone <10 mg /day
or an equivalent dose were not excluded, as glucocor-
ticoids are often used in the treatment of RA. Patients
were excluded if they had a history of myocardial infarc-
tion, 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 proto-
col was approved by the Institutional Review Commit-
tee at Hospital Universitario de Canarias and at Hospital
Universitario Doctor Negrin (both in Spain), and all sub-
jects provided informed written consent (approval no.
2015_84).

Data collection and laboratory assessments
Individuals included in the study completed a CV risk
factor and medication use questionnaire and underwent
a physical examination. Body-mass index (the weight in
kilograms divided by the square of the height in meters),
abdominal circumference, and systolic and diastolic
blood pressure were assessed under standardized condi-
tions. Information regarding smoking status and hyper-
tension 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 [15], the Clinical Disease Activity Index (CDAI)
[16], and the Simple Disease Activity Index (SDAI) [17].
The homeostatic model assessment (HOMA) method
was performed to determine IR. Briefly, the HOMA
model enabled an estimate of insulin sensitivity (%S) and
[-cell function (%B) from fasting plasma insulin, C pep-
tide, and glucose concentrations. In this study, we used
HOMA?2, the updated-computer HOMA model [18].
HOMAZ2 has nonlinear solutions and this updated model
(compared to the minimal model HOMA) accounts for
variations in hepatic and peripheral glucose resistance
(i.e., the reduction in the suppression of hepatic glucose
output by hyperglycemia and the reduction of periph-
eral glucose-stimulated glucose uptake). In HOMAZ2, the
insulin secretion curve has been modified to allow for
an increase in insulin secretion in response to a plasma
glucose concentration of 10 mmol/l. This model can be
used to assess not only insulin sensitivity but beta-cell
function from paired fasting plasma glucose and specific
insulin, or C peptide, concentrations across a range of
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1-2200 pmol/1 for insulin and 1-25 mmol/I for glucose.
Since C peptide is a marker of secretion, this is used for
the estimation of B-cell function; and insulin data is pref-
erable when calculating %S since HOMA-%S is derived
from glucose disposal as a function of insulin concentra-
tion. However, to better express both IR and beta-cell
function, in our study, IR, %S, and %B were calculated
using equally insulin and C-peptide serum levels. The
computer model provided a value for insulin sensitiv-
ity expressed as HOMA2-%S (in which 100% is normal).
HOMAZ2-IR (insulin resistance index) is simply the recip-
rocal of %S. For the detection of ApoC3, an ELISA kit
was used (Elabscience, USA). No significant cross-reac-
tivity or interference between human ApoC3 and analogs
is observed with this kit. Both intra and inter-coefficients
of variability are < 10% for this assay. Cholesterol, triglyc-
erides, and HDL cholesterol were measured using the
enzymatic colorimetric assay. LDL cholesterol was calcu-
lated using the Friedewald formula.

Statistical analysis

Demographic and clinical characteristics in patients
with RA 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). Multivariable
linear regression analysis, adjusting for confounders,
was assessed to analyze the association between ApoC3
and glucose homeostasis molecules and indexes. Con-
founding variables in the relation of ApoC3 to IR indexes
were selected from those variables that had a univariable
relation to ApoC3 with a p value inferior to 0.20. Beta
coefficients of the linear regression models are shown
unstandardized. All the analyses used a 5% two-sided sig-
nificance level and were performed using 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 338 patients with RA were included in this
study. Demographic- and disease-related characteristics
of the participants are shown in Table 1. The mean age
was 54+ 10 years and 84% of the patients were women.
Patients had a body mass index and an abdominal cir-
cumference of 29+17 kg/m2 and 96413 cm, respec-
tively. Traditional CV risk factors were commonly
observed. In this regard, 22% were current smokers, 29%
had a body mass index equal or higher than 30 kg/m?
and hypertension was present in the 30% of the patients.
Besides, 28% of them were taking statins at the time of
the study. The full lipid profile is described in Table 1.
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Table 1 Demographics, cardiovascular risk factors, and disease-
related data in patients with RA

RA
(n=338)
Age, years 54£10
Female, n (%) 284 (84)
BMI, kg/m? 29417
Abdominal circumference, cm 96413
Cardiovascular data
CVrisk factors, n (%)
Current smoker 75 (22)
Obesity 98 (29)
Hypertension 100 (30)
Diabetes mellitus -
Statins, n (%) 95 (28)
Lipids
Total cholesterol, mg/dl 207437
Triglycerides, mg/dl 138£78
HDL cholesterol, mg/dl 57+15
LDL cholesterol, mg/dl 122432
LDL:HDL cholesterol ratio 2.2940.90
Non-HDL cholesterol, mg/dl 150+37
Lipoprotein (a), mg/dl 35(12-102)
Apolipoprotein A1, mg/d| 173+30
Apolipoprotein B, mg/dl 108 £46
Apo B:Apo A ratio 0.64+0.24
Apolipoprotein C-lll, mg/dl 4.6 (2.0-84)
Disease-related data
Disease duration, years 8 (4-15)
CRP at time of study, mg/I 2.6(1.2-5.6)
ESR at time of study, mm/1° h 18 (7-32)
Rheumatoid factor, n (%) 250 (75)
ACPA, n (%) 204 (62)
DAS28-ESR 3.07+1.34
DAS28-PCR 2.70£1.05
SDAI 12 (7-19)
CDAI 8 (4-14)
History of extraarticular manifestations, n (%) 30(11)
Erosions, n (%) 135 (44)
Current drugs, n (%)
Prednisone 120 (36)
Prednisone doses, mg/day 5(3-5)
NSAIDs 160 (47)
DMARDs 288 (85)
Methotrexate 245 (72)
Leflunomide 72(21)
Hydroxychloroquine 37(11)
Salazopyrin 24(7)
Anti TNF therapy 68 (20)
Tocilizumab 22(7)
Rituximab 7(2)
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Table 1 (continued)

RA

(n=338)
Abatacept 10 (3)
Baricitinib 5(1)
Tofacitinib 10 (3)

Data represent mean =+ 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; BMI, 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; SDAI, Simple Disease
Activity Index

The median duration of the disease was 8 (IQR 4-15)
years. Seventy-five percent of patients were positive for
rheumatoid factor, and 62% for anti-citrullinated protein
antibodies (ACPA). Disease activity measured by DAS28-
ESR vyielded a value of 3.07+1.34. Thirty-six percent of
the patients were being treated with prednisone and 85%
were taking at least one conventional DMARD, being
methotrexate the most widely used (72%). 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 2.6 (IQR 1.2-5.6) mg/l and 18 (IQR 7-32)
mm/1st hour, respectively. Further information on the
patients is shown in Table 1.

Relationship of demographics, cardiovascular risk factors,
and disease characteristics with apolipoprotein C3

Neither age, sex, CV risk factors, nor statin use were
associated with ApoC3. Only abdominal circumfer-
ence showed a significant and positive relationship with
circulating ApoC3 (beta coefficient (beta coef) 0.07
[95%CI (confidence interval) 0.03—0.11] mg/dl, p=0.001)
(Table 2). Similarly, lipid pattern molecules were not
related to ApoC3 with the exception of triglycerides
that disclosed a positive relationship with higher serum
levels of ApoC3. Concerning disease-related data, CRP
(beta coef. 0.04 [95%CI 0.01-0.08] mg/dl, p=0.021) and
ESR (beta coef. 0.03 [95%CI 0.00-0.06] mg/dl, p=0.021)
showed a positive and significant relationship with cir-
culating ApoC3; and disease activity through DAS28-
ESR also showed a significant association with higher
ApoC3 serum levels (beta coef. 0.55 [95%CI 0.18-0.93],
p=0.004). Remarkably, the use of leflunomide, salazopy-
rin and hydroxychloroquine was associated with lower
ApoC3 levels. A similar trend was observed for the intake
of methotrexate but in this case, the statistical signifi-
cance was not achieved. Besides, prednisone dose —mg/
day- was associated with lower levels of ApoC3 (beta
coef. —0.33 [95%CI—0.54 to—0.11] mg/dl, p=0.004).
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Table 2 Demographics, cardiovascular risk factors, and disease
characteristics relationship with apolipoprotein C-llI

Apolipoprotein C-lll, mg/dl

Beta coef. (95%Cl)

Age, years
Women, n (%)
BMI, kg/m?
Abdominal circumference, cm
Cardiovascular data
CV risk factors, n (%)
Current smoker
Obesity
Hypertension
Diabetes mellitus
Statins, n (%)
Lipids
Total cholesterol, mg/d|
Triglycerides, mg/dl
HDL cholesterol, mg/dl
LDL cholesterol, mg/d|
LDL:HDL cholesterol ratio
Non-HDL cholesterol, mg/d|
Lipoprotein (a), mg/dl
Apolipoprotein A1, mg/dl
Apolipoprotein B, mg/d|
Apo B:Apo A ratio
Disease-related data
Disease duration, years
CRP at time of study, mg/I
ESR at time of study, mm/ 1°h
Rheumatoid factor, n (%)
ACPA, n (%)
DAS28-ESR
DAS28-PCR
SDAI
CDAI

History of extraarticular mani-
festations, n (%)

Erosions, n (%)
Current drugs, n (%)
Prednisone
Prednisone doses, mg/day
NSAIDs
DMARDs
Methotrexate
Leflunomide
Hydroxychloroquine
Salazopyrin
Anti TNF therapy
Tocilizumab
Rituximab

—0.03 (—0.08-0.03)
—0.82 (—2.20-0.56)
0.00 (—0.03-0.03)
0.07 (0.03-0.11)

—1.11(-234-0.13)
0.98 (—0.14-2.10)
—0.26 (—1.39-0.86)

0.39 (—0.74-1.53)

0.00 (=0.01-0.02)

0.01 (0.00-0.02)
0.03 (= 0.06-0.01)
0.00 (—0.02-0.01)
0.21 (—0.36-0.77)
0.01 (=0.01-0.02)
0.00 (—0.01-0.01)

—0.01(=0.02-0.01)
0.00 (—0.01-0.01)
0.12 (—1.97-2.20)

—0.06 (—0.11-0.00)
0.04 (0.01-0.08)
0.03 (0.00-0.06)
—0.34 (—1.54-0.86)
0.56 (—0.52-1.64)
0.55 (0.18-0.93)
0.33(=0.15-0.82)
0.02 (= 0.02-0.07)
0.01 (—0.06-0.08)
—0.76 (= 2.61-1.10)

—1.59(-2.67 to—0.52)

—0.05(—1.13-1.03)
—0.33(—0.54t0—0.11)
—0.28 (—1.31-0.75)
—135(=281-0.11)
—092(—2.07-0.23)
—2.21(—3.43to—0.98)
—4.33(—5.89t0o—2.78)
—4.32(—6.24to — 2.41)
—0.79 (— 2.05-047)
—0.34 (—240-1.71)

1.88 (—1.67-543)

0.35
0.25
0.89
0.001

0.079
0.087
0.64

0.75
0.001
0.15
0.57
047
038
0.76
042
0.66
0.91

0.048
0.021
0.021
0.58
0.31
0.004
0.18
0.34
0.79
042

0.004

0.93
0.004
0.59
0.071
0.12
<0.001
<0.001
<0.001
0.22
0.74
0.30
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Table 2 (continued)

Apolipoprotein C-lll, mg/dl

Beta coef. (95%Cl)

Abatacept 112 (= 1.86-4.11) 046
Baricitinib —1.73 (=5.92-2.46) 042
Tofacitinib —3.48 (—6.48-0.52) 0.022

Beta coefficients consider ApoC3 as the dependent variable in this analysis.
Significant p values are depicted in bold

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; BMI, 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; SDA/, Simple Disease
Activity Index

Additional information regarding the relationship with
disease-related data is shown in Table 2.

Association between ApoC3 and glucose HOMA2 indices

in patients with rheumatoid arthritis

Insulin and C-peptide serum levels and all HOMA2
indices, with the exception of HOMA2-%S, signifi-
cantly correlated with ApoC3 in the univariable analysis
(Table 3). After fully multivariable analysis, that included
traditional factors associated with IR (abdominal cir-
cumference, smoking, obesity and triglycerides) and
disease-related data (disease duration and activity, and
prednisone and DMARDs intake) ApoC3, as independ-
ent variable, maintained similar significant relation-
ships. In this sense, ApoC3 was associated with higher
circulating insulin (beta coef. 0.37 [95%CI 0.01-0.73]
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pU/ml, p=0.044) and C-peptide (beta coef. 0.13 [95%CI
0.05-0.22] ng/ml, p=0.003). Similarly, ApoC3 was asso-
ciated with significantly higher HOMA2-IR indices (both
when this index was constructed with insulin or with
C-peptide). Remarkably, ApoC3 also showed a positive
relationship with beta-cell function HOMA2-%B-C-pep-
tide index (beta coef. 2.94 [95%CI 0.07-5.80], p =0.045)
(Table 3).

Discussion

In the present work, it is demonstrated, for the first time,
that ApoC3 can be a molecule involved in the develop-
ment of IR and beta-cell dysfunction in patients with RA.
According to our results, both ApoC3 and IR are inde-
pendently related, which would indicate that ApoC3 is
involved in the metabolic pathways that lead to the alter-
ation of carbohydrate metabolism that occurs in patients
with RA.

Although IR states have been widely described in
patients with RA, in our study IR index was not elevated.
That is, the HOMAZ2-IR value in our population was
around the unity (a HOMAZ2-IR of 1 is considered nor-
mal). IR has been shown to correlate with disease activity
and inflammatory markers. For this reason, the fact that
most patients in our series had moderate disease activity
can justify this finding. This is relevant since despite the
fact that patients with RA did not show high IR indexes,
we were capable to describe a significant relationship
between these IR and beta-cell dysfunction indices and
ApoC3.

ApoC3 has deserved prior attention in RA. For exam-
ple, in a previous study of 152 RA patients in whom

Table 3 Association between apolipoprotein C3 and glucose homeostasis molecules and indices in patients with RA

Apolipoprotein C-lll, mg/dl

Pearson's r p Beta coef. (95% Cl)
Model 1 p Model 2 p

Glucose, mg/dl 87+10 —0.050 037 —0.22 (- 045-0.02) 0.076 0.16 (—0.34-0.66) 0.52
Insulin, uU/ml 7.7 (52-12.2) 0.199 <0.001 0.16 (—0.02-0.34) 0.086 0.37 (0.01-0.73) 0.044
C-peptide, ng/ml 24(1.5-34) 0.234 <0.001 0.06 (0.01-0.10) 0.011 0.13 (0.05-0.22) 0.003
HOMA2-IR 1.00 (0.66-1.56) 0.199 <0.001 0.02 (0.00-0.04) 0.088 0.05 (0.00-0.09) 0.041
HOMA2-%S 101 (64-151) —0.088 0.15 0.60 (—1.03-2.22) 047

HOMA2-%8B 101 (80-137) 0.199 <0.001 1.26 (—0.04-2.55) 0.058 0.98 (—0.40-2.36) 0.16
HOMA2-IR-C-peptide 1.66 (1.09-2.48) 0.232 <0.001 0.04 (0.01-0.07) 0.012 0.10 (0.04-0.17) 0.003
HOMA2-%S-C-peptide 60 (40-92) —0.154 0.005 —0.26 (—1.10-0.59) 0.55

HOMA2-%B-C-peptide 145 (115-192) 0.236 <0.001 2.23 (0.64-3.82) 0.006 2.94 (0.07-5.80) 0.045

Data represent means =+ SD or median (IQR) when data were not normally distributed
In the multivariable analysis ApoC3 is considered the independent variable. Significant p values are depicted in bold

HOMAZ2-IR, Homeostatic Assessment Model for the assessment of insulin resistance using insulin and glucose serum levels; HOMA2-%B-C peptide, Homeostatic

Assessment Model for the assessment of beta-cell function using C-peptide and glucose serum levels; Model 1, Adjusted for abdominal circumference, smoking,
obesity, and triglycerides; Model 2, Adjusted for model 1 + disease duration, DAS28-ESR, prednisone dose and conventional DMARD use
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coronary artery calcium was assessed at baseline and
at year 3, ApoC3 was found to be significantly ele-
vated in those in whom coronary artery calcium wors-
ened compared to non-progressors [19]. In that study,
ApoC3 was considered a risk factor for the progres-
sion of atherosclerosis in patients with RA. In another
report, baricitinib-associated increment in serum lipid
levels from baseline to week 12 included the upregula-
tion of ApoC3 [20]. Furthermore, after six months of
treatment with etanercept, ApoC3 showed significantly
higher levels in non-responders compared to those who
met the criteria for improvement [21]. However, until
our current work, previous studies have not evaluated
the role of ApoC3 in the IR of patients with RA.

Triglycerides have been shown to correlate with both
IR and beta cell function in the general population
[22]. Moreover, ApoC3 is a key regulator of triglyceride
metabolism through its inhibition of lipoprotein lipase,
which, in turn, degrades circulating triglycerides. In
our study, in patients with rheumatoid arthritis, cir-
culating ApoC3 was also significantly correlated with
serum triglyceride levels. However, the association of
ApoC3 with IR and beta-cell dysfunction found in our
study cannot be attributed to its relationship with tri-
glycerides, as it remained significant after adjusting for
triglycerides. For this reason, we believe that the asso-
ciation between ApoC3 and IR and beta cell function in
patients with RA is direct in nature and not related to
triglycerides.

Interestingly, in our work the acute phase reactants,
CRP and ESR, as well as the clinical disease activity
scores, showed a positive and significant relationship
with elevated ApoC3 levels. This relationship between
ApoC3 and inflammation has been previously described.
In this sense, in a former study, ApoC3 was identified as a
novel mediator leading to alternative inflammasome acti-
vation in human monocytes [23]. Besides, although dys-
lipidemia is a known adverse effect of tocilizumab we did
not find a relation between this drug and ApoC3 serum
levels. We understand that the cross-sectional design of
our study and the small number of patients receiving this
drug motivate to take this result with caution.

Our work may have some clinical implications. Since
ApoC3 and IR have been both related to CV disease in
the general population, and they seem to be linked pro-
cesses, we believe the assessment of serum levels of
ApoC3 may serve as a predictor of CV disease or as an
indirect marker of the presence of IR in patients with RA.

The purpose of our study focused specifically on
patients with RA, the prototype of chronic inflamma-
tory disease. For this reason, we did not include a control
group of healthy individuals. It could be considered as a
potential limitation of our study. We also acknowledge
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that this was a cross-sectional study and, hence, infer-
ences on the direction of causality cannot be made.

Conclusion

In conclusion, ApoC3, insulin resistance, and beta-cell
dysfunction are independently associated in patients
with RA. We believe our findings expand to ApoC3 the
understanding of the signaling pathways necessary for
the development of IR and beta-cell dysfunction in this
population.
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